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-  V. 


Porosity  In  welds  of  Chroniun-{ilckel  Austenitic  steels 


The  principal  cause  of  porosity  in  welds  in  carbon  and  low-alloy  steels  is 
hydrogen.  Nitrogen  nay  also  cause  pores  during  the  welding  of  ordinary  steels. 

This  is  shown  by  the  well-known  fact  that  pores  appear  during  submerged-arc  welding 
when  air  gets  into  the  fusion  zone  (welding  with  a  gap  between  the  comer  velds  of 
tee  Joints;. unilateral  welding  Of  overhanging  butt  welds  with  insufficient  penetration, 
welding  when  the  flux  burden  level  is  insufficient,  and  so  on). 

Sbqieriments  carried  out  at  the  Institute  of  Electric  ^^‘elding  have  probed  that 
tdien  austenitic  steels  are  welded,  hydrogen  is  mainly  responsible  for  the  formation 
of  pores;  nitrogen  and  osQrgen  hard!^  have  any  such  effect.  We  have  already  pointed 
out  that  when  these  steels  are  arc  welded  there  is  practically  no  oxidation  of  the 
carbon.  ^  -/iew  of  this,  the  problem  of  the  effect  of  carbon  monoxide  on  pc. *8 
form''.tlon  in  austenitic  welds  loses  all  practical  importance^.  Consequently,  we  are 
concerned  basically  with  one  gas  alone  —  hydrogen.  Ejqperlments  were  carried  out 
in  which  carbon  and  stainless  steels  were  welded  \inder  the  same  conditions  with  a 
scpply  of  nitrogen  to  the  combustion  zone*  When  equal  amounts  of  nitrogen  were  supplied 

In  welding  in  an  atmosphere  of  CO^  pores  may  appear  due  to  the  generation  of 
carbon  monoxida  from  the  oryetallizlng  weld  pool. 

‘ 


4 


the  carbon  weld  was  riddled  with  pores  and  blowholes,  while  the  austenitic  weld 
was  completely  solid* 

Fig*  82  shows  the  surface  of  the  two  welds*  The  almost  lneong>lete  Inmunlty 
of  ehrone>nickel  austenitic  steel  welds  to  porosity  caused  by  nitrogen  can  be 
explained  by  the  excellent  solubility  of  nitrogen  In  these  steels  /1U3/*  ^t  is  Just 
this  fact  which  nas  made  It  possible  to  carry  out  the  so-sailed  nitrogen-arc  welding 
of  stainless  steels  (work  of  A*  Ya*  Brodskiy  and  others). 


Fig*  62*  dffect  of  nitrogen  on  porosity  of  steel  welds t 
a)  St*  3j  b)  lKhl8N9T* 


Fig*  83*  (a)  variation  In  the  solubility  of  hydrogen  during  solidification 
of  austenitic  (I)  and  ferritic  (II)  steels;  (b)  relation  between  content 


of  oxygen  and  hydrogen  in  a  2$~20  steel  weld. 


The  formation  of  pores  is  associated  with  a  sudden.  Jerky  decrease  in  the 

•  e 

solubility  of  gases  in  the  metal  at  the  inttant  of  cryst^lization  of  the  weld  pool. 


When  austenitic  steel  solidifies,  the  fall  in  the  solubility  of  hydrogen  is  considerably 


less  than  in  the  case  of  conventional  low>earbon  and  ferritic  steels  (Fig.  83). 


Hence  austenitic  steel  welds  are  less  damaged  by  porosity  than  ordinary  steel  ones. 

!I^e,maln  sources  of  hydrogen  In  welding  ordinary  construction  steels  are  rust 
and  oUj  which  soil  the  welding  edges>  and  also  the  xriolstxire  adsorbed  by  the  surface 
of  the  electrode  coating  or  of  the  flucc  grains.  Another  source  of  hydrogen  nay  be 
moisture  in  the  composition  of  a  poorly  annealed  electrode  coating  or  inside 
pumecious  flux  grains.  There  Is  no  rust  ontthe  edges  when  chrome-nickel  austenitic 
steels  are  welded.  I^drogen  finds  its  way  into  the  weld  metal  zone  fzvsm  the  flux  or 
from  the  coating.  It  was  pointed  out  in  Chi^pter  2  than  in  the  manual  welding  of 
austenitic  steels  idth  base  electrodes,  the  weld  metal  contains  a  minimum  quantity 
of  hydrogen.  O^^gen-free  fluxes,  like  low-silicon  fluxes,  introduce  a  considerable 
amount  of  hydrogen  into  the  weld  metal  zone  (see  Table  16). 

The  solubility  of  hydrogen  at  room  temperature  in  austenitic  welds  is  considerably 
higher  than  in  ferritic  ones;  the  diffusion  rate  of  hydrogen  in  austenitic  welds 
is  also  very  small,  hence  hydrogen  ^ich  has  found  its  way  into  the  austenitic 
weld  metal  during  welding  is  almost  entirely  retained  by  it  for  an  indefinite  time. 

In  conjunction  with  Yu,  V,  Latash  we  carried  out  experiments  to  determine  quantitatively 
the  kinetics  of  the  removal  of  hydrogen  (at  room  temperature)  from  austenitic  and 
ferritic  welds  (Tuble  39)  •  ^rom  the  e^^rimental  data  given  it  is  clear  that  in  its 
initial  state  the  austenitic  weld  does  not  contain  very  much  more  hydrogen  than 


than  a  ferrltle  weld,  and  that  the  quantity  of  hydrogen  remains  for  practical  purposes 


unchanged  even  after  a  lengthy  period  at  room  temperature.  In  the  ferritic  weld 
we  observe  an  appreciable  fall  in  the  hydrogen  content  after  five  hours,  and  after 
75  hours  the  hydrogen  content  has  fallen  to  one  sixth  of  what  it  was. 

TABLE  39 


Kinetics  of  Removal  of  Hydrogen  from  Weld  Metal  at  +20° 


Type  of  wen  metal 

Hydrogen  content  in  weld  metal 

/in^cm^/i^P  g 

Immediately 
after  welding 

Kodri  after  voiding 

_ i 

5 

20 

» 

1*5  • 

• 

75 

m 

81a0 

'  Ferritic  weld  in 

6.2 

5.1* 

• 

• 

oo 

5.1* 

1.1 

1.8 

St.  3  steel 

- 

Pure  austenitic  weld 

7.6 

- 

7.6 

7.1* 

- 

8.7 

1 

6.8 

in  Kh23Nl8  steel 

1 

« 

1 

In  1950  we  discovered  that  the  type  of  current  and  its  polarity  have  a  considerable 


effect  on  the  process  of  pore- formation  in  the  welding  of  austenitic  steels  under 
fluxes  containing  Si02  and  CaF2.  * 

The  greatest  porosity  is  obseirved  vdien  reversed  polarity  D-C  is  used 
the  welding.  D.  M.  Babkin  has  theoretically  proved  that  in  this 


caae  the  weld  pool  is  more  effectively  shielded  from  the  hydrogen  due  to  the  formation 


of  a  layer  of  fluorine  ions  in  welding  under  fluxes  containing  fluorine,  or  an  excess 
of  electrons  ii^ralding  under  fluorine-free  fluxes  /109/*  In  straight-polarity  welding 
the  number  of  pores  is  greater.  The  greatest  porosity  of  all  Is  observed  in  A-C 


welding  (Fig.  8U), 


Fig.  dU.  Effect  of  type  of  current  and  polarity  on  the  porosity 
of  18-6  steels  welds  (the  spongy  nature  of  the  slag  flake  shows 
the  tendency  of  the  weld  toward  porosity  • 

The  effect  of  the  polarity  of  direct  current  on  the  hydrogen  content  in  weld 
metal  can  be  Judged  from  the  data  in  Table  UO. 


TABLE  kO 


Effect  of  Welding  Current  Polarity  on  Ifydrogen  Content  and 
Porosity  in  Pure  Austenitic  Welds  in  25-20  Steel, 


Type  of  flux 

Polarity 

Ffydrogen  content 
in  weld .metal 
in  cmvlOO  g 

Pores  present 
in  weld 

BKF-1 

Reverse 

7.8 

■  No' 

SiO  ) 

# 

2 

Strai^t^ 

15.1 

Yes 

AIf-26 

Reverse 

h.2 

No 

(3256  SiO.) 

2 

Straight 

6.0. 

No 

The  positive  effect  of  D-C  reverse  polarity  welding  on  reduction  of  porosity  in 

»  t  e 

velds  makes  it  easiet  to  use  oxygen-free  and  low-silicon  fluxes*  It  should  be  pointed 
out  that  manual  welding  with  base-coated  electrodes  is  also  done  with  reverse  polarity 

D-C. 

The  opiq>aratlveIy  high  pore-resistance  of  austenitic  steels  makes  it  possible  to 

weld  under  conditions  of  high  cooling  rates  of  the  weld  (high  rates,  small  cross-section 

'  •  e  '  '  ■ 


4^^  7 


welds),  without  fear  of  pores  forming.  This  fact  is  of  great  practical  importance 

..  .  '  '  ;  * 

since  it  is  Just  these  welding  conditions  which  are  the  best  for  many  austenitic  steels 

«  ^  * 

As  is  known,  in  arc  welding  the  metallurgical  interaction  of  the  slag,  metal  and 

••  • 

gases  is  most  violent  in  the  core  of  t^e  arc,  \diere  the  highest  t^peratures'are 
obtained,  and  the  conditions  are  most  favorable  for  contact  between%nte rioting  phases. 

m 

It  is  therefore  not  surprising  that  the  hydrogen  dissolves  most  in  the  drops  of  the 


electrode  metal  while  the  latter  are  in  motion  across  the  arc  gap,  and  not  in  the 

weld  pool.  This  is  found  in  multi-layer  welding.  As  each  layer  is  reached,  the  amount 

‘  :  •• 

of  electrode  metal  in  the  weld  increases  together  with  the  hydrogen  content-  Hence  in 

•  * 

•  ..  •  *  ' 

multi-pass  weldi^  of  austenitic  steel  porosity  is  usually  found  in  the*  ilpper  layers, 


•  f 


while  in  single-pass  welding  porosity  is  comparatively  rare. 


•  • 

It  was  pointed  out  in  Cha^)ter  2  that  a  higher  arc  voltage  (longer  arc)  gives  rise 
to  2in  increase  in  the  o^gen  and  nitrogen  contents  in  the  weld.  This  is  not  accidental 
>hiltiple  experiments  in  welding  under  different  fluxes  give  the  same  result  (Table  hi). 


TABID  Ul 


Effect  of  Arc  Voltage  (Arc  Length)  on  Hydrogen  Content  and  Porosity  in  Pure 

Austenitic  Welds 


Type  of  steel 

Type  of  idre 

Type  of  flux 

1 

Welding  conditions 

_ ^ _ 1 

Hydrogen 
content 
in  weld 
metal  in 
cmvlOO  g 

Pores 

present 

Current 
in  amps 

Arc 

voltage 

Kh23Nl8 

i 

1 

j 

(EIhl7) 

Sv-Kh23'N20 

BKF-1 

hho 

28-30 

13.2 

Yes 

13^  SiOg 

I 

2iO-U2 

8.3 

No 

7. O'** 

No 

Kh23N23M3D3 

Kh23N23M3D3 

AN-23 

(EI533) 

(EI333) 

20^  SiOg 

550 

( 

30-32 

li.8 

No 

i 

1 

i 

6,655  MnO 

550 

38-UO 

3.9 

No 

The  welding  was  carried  out  with  a  semi-5hi(l4id  arc  along  the  flux  layer. 


How  is  one  to  explain  the  reduction  of  the  hydrCgen  content  and  the  prevention 
of  porosity  in  welding  austenitic  welds  with  a  long  arc?  One  of  the  reasons  is  that 
the  gases  apparently  break  through  the  covering  of  melted  flux  and  escape  from  the 


fusion  zone  into  the  atmosphere.  Another  possible  reason  for  the  decrease  in  the 


hydrogen  content  in  shlelded-arc  welding  is  an  increase  in  the  amount  of  melting 
the 

flux.  The  more/^f lux  melts  and  the  more  air  finds  its  way  into  the  fusion  zone 


Flg«  8$«  Porosity  of  l8-8  steel  velds  due  to  hydrogent 

e 

a)  in  the  comer  veld  of  a  tee  Joint;  b)  in  a  butt  veld; 
o)  pbrosiiy  in  a  veld  under  AN-30  silicon-free  flvDC. 


from  the  spacea  between  the  flux  grains,  the  lower  the  partial  pressure  of  the 
hydrogen  and  the  smaller  the  amount  of  hydrogen  reaching  the  weld  pool,  and  the 
lass  the  porosity.  The  data  given  in  Table  Ul,  as  pointed  out,  show  that  the  drop 
in  the  hydrogen  content  takes  place  at  the  same  tine  as  an  increase  in  the  oxygen 
and  nitrogen  concentrations  in  the  weld.  Unfortunately,  it  is  not  possible  to 
recommend  shielded-arc  welding  for  austenitic  steels.  Although  the*  danger  of  pores 
appearing  is  less,  there  is  increased  danger  of  the  welds  cracking  on  account  of  the 


oxidation  of  the  ferritixers  and  possible  austei^zlng  of  the  weld  structure  through 

•  .  •  •  ' 
the  combined  effect  of  the  ojygen  and  nitrogen,  and  also  as  a  result  of  an  increase 

in  the  shape  factor  of  the  weld.  It  is  essential,  therefore,  to  find  other  means  of 

reducing  the  hydrogen  content  in  the  weld  metal  when  welding  austenitic  steels. 

This  is  especially  necessary  since  austenitic-ferritic  welds,  which  are  given  preferenc 

in  view  of  their  high  resistance  to  hot  cracks  and  intergranular  corrosion,  are  much 

•  * 

more  liable  to  form  pores  than  pure  austenitic  steels  (Fig.  8$),  This  fact  may  be 
connected  with  a  greater  decrease  in  the  solubility  of  hydrogen  vhen  crystals  of  the 
8 -phase  are  present  in  the  crystallizing  weld. 


In  welding  low-cazton  and  low-edUcon  steels  the  surest  method  of  preventing 
hydrogen  porosity  is  to  use  high-silicon  fluxes  containing  calcium  fluoride. 


In  submerged* are  voiding  with  these  fluxes,  as  shown  in  the  work  of  I.  V.  Kirdo 


and  V.  V,  Podgayetskly,  the  following  reaction  takes  place  In  the  gas  phase 

SlOj  ♦  aCaFj  +  H  spfc  2CaO  +  SIF  +  3HF.  (10) 

As  a  result  of  the  combining  of  the  hydrogen  Into  KF,  which  Is  Insoluble  in  the 
weld  metd.,  the  hydrogen  content  decreases  and  porosity  Is  averted. 


V.  V.  Podgaystskiy  and  D.  M.  Rabkln  have  shown  in  their  work  that  prevention 


of  porosity  in  welding  conventional  steels  is  .  idso  possible  if  the  hydrogen  is 
oxidized  into  the  hydroxyl  OH,  which,  like  HP,  is  insoluble  in  the  liquid  metal. 

This  method  of  using  oxygen  to  combat  hydrogen  porosity  is  not  practised  in  welding 
carbon  ste^s,  but  has  been  used  successfully  in  automatic  semi-shielded-arc  welding 
of  aluminum  aid  also  in  argonoarc  welding. 

Hhcperlments  idileh  we  carried  out  in  collaboration  with  Yu.  V.  Latash  showed 
that  in  welding  under  oxygen-free  flux  consisting  mainly  of  CaF2  and  NaP  and  not 
containing  Si02,  the  hydrogen  may  combine  into  CaF  and  F  as  a  result  of  the  dissoc¬ 
iation  of  CaF^.  This  process,  however,  is  rather  feeble  and  for  this  reason  if  the 
silicon  concentration  is  small,  pores  may  form.  At  the  same  time,  even  a  small 

e 

amount  of  TIO2  added  to  an  oxygen-free  flux  makes  possible  a  sharp  reduction  in  the  * 
hydrogen  content  of  the  weld.  For  example,  Kh23II23M5D3  (^533)  steel  was  welded 
by  the  multipass  method  with  the  conditions  remaining  the  same  each  time;  in  the  case 
of  the  BKF-l  ooqrgen-free  flux  the  upper  layer  contained  9*3  cmVlOO  g  hydrogen  and 
was  damaged  by  pores.  VQien  the  same  flux  was  used  with  the  addition  of  10  to  V^% 
Ti02,  the  hydrogen  content  <lropped  to  5*U  cmVlOO  g,  and  there  were  ijo  pores. 

It  is  of  interest  to  determine  the  mechanism  of  the  positive  effect  of  adding 
Ti02  to  the  flux.  For  this  we  will  use  the  following  thermodynamic  equations: 

433 


TiOg  *  K:t±  *  ifljO 


(11) 


The  change  In  free  energy  of  'the  eyetem  in  standard  conditions  can  be 
calculated  from  the  equation 

-  TAS,  (12) 


;Aere  ■  —CL  is  the  heat  effect  of  the  reaction  or  the 

-  -  2  -  1  ^ 

difference  Inj^heats  of  formation  of  the  final  (H^)  and  initial  (1;^)  substances; 

S®  s  -  S®  or  the  difference  in  entropies  in  the  final  (S^)  and  initial  (S^^) 


substances. 

Substituting  the  eoxreaponding  values  of  the  constants  /29/t  we  obtain  for  the 
reaction  (U) : 


Ar®  »  -  1j9300  ♦  7.1*T 


The  nature  of  the  variation  in  free  energy  with  temperature  in  the 

given  reaction  is  Illustrated  by  the  graph  in  Fig.  86. 

It  can  be  assumed  that  the  hydrogen  is  oxidized  by  another  reaction  as  well: 

ZTlOg  H  ^rfcTigOj  *  OH,  (13) 

in  this  case  Af  -  1*670  -  11.33  T. 


Comparison  of  the  values  of  the  free  energy  obtained  with  the  corresponding 


data  for  the  known  reaction  (10)  show  the  possibility  in  principle  of  the  hydrogen 
being  oxidized  by  the  oxygen  in  the  titanium  dioxide* 

-It  is  naturaO.  to  assume  that  the  prevention  of  porosity  ij-^ustenitlc  welds 
in  welding  under  fluxes  containing  fluorite  (CaF2)  and  TIO2  may  occur  as  a  result  of 
the  hydrogen  combining  with  the  fluorine*  Here  the  fluorine  may  be  carried  to  ths 
hydrogen  by  the  TiF|^  in  similar  fashion  to  what  occura  idien  silicon  tetrafluoride 
is  present: 

TiO^  ♦  aCaFj  ^  2CaO  ♦  TiF|^  (lit) 

and  further 

TiF|^  ♦  3H  ^  TiF  ♦  3HF.  (15) 

The  ovenall  reaction  involving  combination  of  the  hydrAgen  by  means  of  titanium 
fluoride  will  be  as  follows: 

Ti02  ♦  ZCaFg  ♦  3H^2CaO  +  TiF^  +  3HF.  (16) 


4^/ 


2000  2500 

Temperature  in  *C 

Fig.  86.  Variation  in  free  energj  Af®  with  temperatxare  for 
different  reactions  in  which  hydrogen  combines  into  HF  and  OH. 

To  solve  the  problem  of  the  liklihood  of  reactions  (14)  and  (15)  occurring  under 
the  welding  conditions,  it  is  essential  to  woxk  out  the  heat  of  formation  and  the 
entropy  of  the  gaseous  TiF|^  and  TIF,  since  these  data  are  not  given  in  any  of  the 
works  with  which  tre  are  acquainted.  A  description  of  the  properties  of  the  two 
fluorides  TiF  is  contained  in  the  reference  worl^Gmellns  Handbuch.  It  points 

out  that  the  spectrum  of  gaseous  TiF  is  found  between  1000  and  2000^0  (in  the  region 
of  2000  to  5000  A). 

To  determine  the  heat  of  formation  of  TiF^,  we  apply  the  graph  method 

proposed  bgr  A.  F.  Kapustinskiy.  The  initi^  condition  for  the  solution  is  a  linear 
dependence  between  the  heats  of  formatiens  Ah  of  the  ehonlcal  compounds  referred  to 

Ah 

a  single  equivalent  (  where  W  Is  the  valency)  and  the  logarithm  of  the  element 


numbers  log  ^  i^leh  are  electronic  analogs,  i.e.,  they  maKe  up  one  group  In 


Mendeleyev's  periodic  table: 


AH 


(17) 


In  the  case  of  titanium  the  analogs,  ^ose  thermal  constants  are  knovm  im  are 
concerned  with  tetrafluorides),  are  carbon  and  silicon,  and  calcium  and  potassium  for 


titanium  fluoride. 


Using  a  graph  we  find  424  kcal/nols  ^or  >  a>)d  H2^g  «  33*5 

kcal/mole  for 


4^7 


To  detemlne  the  entropy  of  TU|^  we  can  use  the  gr&Phic  method  put  forward 


by  V.  A.  Kireyev  and  developed  by  M.  Kh.  Karapet 'yanete.  , 

There  is  a  linear  dependence  between  log  S  and  log  M  (vihere  S  ia  the  entropy, 
and  M  the  molecular  weight)  for  similar  eonqpounds  (for  example,  fluorides)  of  elements 

O 

in  the  same  group  or  same  series  of  the  periodic  table.  We  find  that  S2^5  is  equal 


to 


cal 


deg  mole 


for  TlFi  .  We  calculate  the  entropy  of  TiF  from  the  empirical 


formula  put  forward  bF  Kubashevskiy  and  B.  Evans.  It  equals  5U.87 


cal 


deg  mole 

0  o 

Having  the  values  and  for  wo  find  that  the  variation  in  free 

energy  for  reaction  (lU)  during  the  formation  of  TiFj^v  obeys  the  law: 

•  U7600  -  U8,U  T, 

and  for  the  reaction  in  which  hydrogen  combines  into  HF  (15) 


■  26100  -  7.6  T. 


For  the  total  reaction  (l6) 


AF  •  60500  -  23.2  T. 


The  relevant  data  are  given  in  Fig.  86.* 

And  so  it  can  be  seen  on  the  basis  of  thermodynamic  calculations  that  the  reduction 

\inder 

in  the  hydrdgen  content  and  prevention  of  porosity  in  austenitic  welds  ^  a  fl\ix 
consisting  of  CaF^  and  TIO2  is  due  to  the  hydrogen  combining  Intd  the  insoluble 
confounds  OH  and  HF.  The  prdifondei^at  development  of  the  one  or  the  other  reaction 
in  which  the  hydrogen  combines  m^arently  dspexids  on  many  factors.  Nevertheless,  the 


thermodynamic  ealeulatlmia  fully  support  the  eases  in  ^iileh  the  addition  of  Ti02 
has  a  favorable  effect. 

In  a  number  of  instances,  for  example>vhen  the  ferrite  concentration  in  the 
weld  is  high,  Ti02  may  be  added  to  the  flux  to  avoid  porosity  without  interfering 
with  the  resistance  of  the  weld  to  tot  cracks.  But  with  pure  austenitic  welds  the 
addition  of  TIO2,  in  the  same  way  as  Si02,  is  Inadmissible  since  the  hot  brittleness 
increases. 

In  welding  austenitic  steels  a  veric  effective  way  of  reducing  the  hydrogen  con¬ 
tent  and  preventing  porosity  is  to  add  a  small  qantity  of  oxygen  to  the  fusion  zone^ 

A 

but  not  in  the  fom  of  the  oxides  Si02  and  Ti02,  or  manganese 'ore  containing  phosphorus 
as  is  done  in  welding  ordinary  steels.  It  is  best  to  add  the  oxygen  in  the  form  of 
pure  manganese  oxides.  An  idea  of  the  effect  of  adding  oxygen  in  the  form  of  KKnO 
on  the  amount  of  hyfrogen  in  an  austenitic  weld  can  be  gained  from  the  data  in  Table  1x2 
A  sure  way  to  reduce  the  hydrogen  content  in  austenitic  welds  is  to  use  carbon  dioxide 


as  a  preservative 


TABLE  U2 


Effect  of  Adding  KMnOj^  to  Oxygen-Free  Flux  on  Gas  Content 
in  Austenitic  Kh23Nl8  Steel  Weld. 


Addition  of  KMnOj^  in 
g/lOO  lln.  mm  of  weld 

Gas  content  in  weld 

Hydrogen  in 

cmVlOO  g 

Oxygen  in  % 

Nitrogen  in  % 

None 

7.8 

0.0289 

0.0322 

1 

7.2 

0.0392 

0.0387 

3 

5.5 

0.0$73 

0.0296 

6 

3.6 

0.0800 

0.0151 

The  more  oxygen  there  is  in  the  suhtenltic  weld»  the  less  tte  l^drogen.  This 
function  is  clearly  shown  h]r  the  graph  in  Fig.  83  b.  Exactly  the  same  relationship 
was  found  b7  Seeve  in  the  USA  and  V.  7.  Bashenov  /16/  with  respect  to  ordinary  carbon 
steel  welds. 

Thus,  the  less  oiQrgen  in  the  austenitic  weld,  the  more  liydrogen  there  is  in  it. 
Alvnoinun,  titanium,  silicon  and  other  ferrltizers,  and  also  manganese,  being  strong 
oxidizers,  ^arply  decrease  the  oxygen  content  in  t^e  Ilqid  pool  in  welding 

austenitic  steels,  the  inevitable  result  of  which  is  an  increase  in  the  hydrogen 
content.  This  is  the  reason  for  ^e  great  tendency  of  austenitic-ferritic  steels  to 


form  pores  compared  with  pure  austenitic  steels.  Another  reason  for  this  increase 
vdien  the  silicon,  titanium  and  alumimum  content  of  the  weld  is  high  is  the  formation 
of  ferritic  z^egions  where  the  solubility  of  hydirogen  is  less  than  in  austenite. 

It  ensues  from  what  has  been  said  in  this  section  that  in  austenitic  steel  arc 
welding  one  need  only  beware  of  the  caused  by  hydrogen.  Removal,  of  the  chief 

sources  of  the  hydrogen  moisture,  rust,  oil  and  other  organic  forms  of  contamination 
and  the  use  of  reversed-polarity  D-C  rid  us  of  this  danger  to  a  oonsidarable;  extent* 

In  welding  with  oxygen-free  and  low-silicon  fluxes,  a  new  and  reliable  method  of 
preventing  porosity  is  to  add  small  quantities  of  oxygen  to  the  flux,  for  instance, 
in  the  form  of  the  higher  oxides  of  manganese,  chromium  or  iron. 

In  austenitic-ferritic  welds  possessing  a  high  fer;  L%e  concentration 

and  great  resistance  to  hot  cracks,  TiOg  can  bo  added  to  oxygen-free  fluxes  for  the  , 
same  purpose. 

In  a  case  where  the  hydrogen  has  difficulty  in  escaping  from  the  czystallizlng 
weld  pool,  the  surface  of  the  veld  may  form  depressions  and  appear  "worn  out", 
although  the  weld  itself  contains  no  pores.  This  occurs  in  './elding  under  fluxes 
which  form  short  slags,  the  viscosity  of  which  at  the  solidification  point  of  the  weld 
is  so  great  that  the  hydrogen,  unable  to  pass  through  the  thickening  slag,  has’ to  move 


over  the  interface  between  the  metal  and  slag,  leaving  traces  on  the  weld.  All  that 


needs  to  be  done  to  avoid  this  state  is  to  decrease  the  viscosity  of  the  slag  at  the 
solidification  point  of  the  weld,  even  if  the  amount  of  hydrogen  added  to  the  weld 
pool  is  the  same  as  in  welding  under  a  viscous  flux.  To  reduce  the  viscosity  of  a 
CaF2-base  flux  we  recommend  the  addition  of  5  to  2^^  NaF  (ANF-5  flux).  In  machine- 
arc  welding  high-nickel  Kh20N80  alloys  the  addition  of  NaF  to  an  oxygen-free  flux 
has  a  striking  effect  and  is  a  reliable  way  of  getting  rid  of  the  "worn  out"  effect. 


Fig.  87.  Pores  along  the  weld  due  to  hydrogen  idiich 
has  found  its  way  into  the  weld  from  the  base  metal. 


It^  conclusion  mention  should  be  made  of  another  type  of  porosity  in  welds 
which  occ\ir8  i^n  metal  with  an  excessively  high  hydrogen  content  is  welded. 

-As  is  known,  nickel  when  crystallizing  dissolves  twice  as  much  hydrogen  as  austenitic 
steel.  Electrolytic  steel  contains  an  especially  large  amount  of  hydrogen.  In  welding 
nickel,  when  the  aro  melts  the  butts  being  welded,  hydrogen  enters  the  weld  in  great . 
quantities.  Because  of  the  hi^  crystallization  rate  of  the  peripheral  regions  of 
the  weld,  the  hydrogen  does  not  have  time  to  escape,  but  reacts  with  the  nickel  oxide 
in  the  following  way 

NiO  ♦  Hg  — ►  Ni  ♦  HgO. 

Pores  form  along  the  line  of  fusion  in  the  process  (Fig.  87), 

Pores  are  also  found  along  the  line  of  fusion  in  argon-arc  welding  of  austenitic- 
ferritic  17-7RN  steel  /l69/. 

f#r 

In  the  argon-arc  welding  of  nickel  a  sure  remeay^preventing  porosity  is  hydrogen. 

If  argon  and  hydrogen  are  used  as  a  reducing  atmosphere,  the  formation  of  nickel  oxide 
is  impossible,  and,  consequnetly,  the  appearance  of  the  hydrogen  defect. 

In  the  argon^arc  welding  of  17-7BN  austenitic  steel  an  apparent  reason  for 
porisity  is  the  hydrogen  with  thich  the  base  mstal  becomes  saturated  during  electrolytic 
etching.  The  addition  of  oxygen  to  the  argon  would  probably  htlp  in  this  case. 


4-^3 


Another  possible  cause  of  porosity  al'^ng  the  fusion  line  in  the  welding  of  austen¬ 


itic  steels  with  an  increased  aluminum  content  (17>7RN  steel  contains  more  than  1^ 
aluminum)  may  be  local  generation  of  great  amounts  of  nitrogen  due  to  the  decomposition 
of  the  aluminum  nitride.  To  avoid  the  porosity  caused  by  the  nitrogen^ small  amounts 
of  titanium  and  zirconium  are  added  to  the  composition  of  17>7RN  steel.  These  elements 
bind  the  nitrogen  into  stable  nitrides  which  are  still  preserved  at  the  melting  point 
of  steel. 


CHAPm  $ 


CORROSION  RESISTA^^CE  CF  THE  WELD  JOINTS  CF  CHROMIUM-NICKEL  AUSTENinC  ST6E1S 
A  great  majority  of  the  ehrondumonlokel  auatenitlc  steels  are  used  as  acid 
resistant  materials  for  work  in  aggressive  liquid  media,  and  therefore  they  must 
have  a  high  corrosion  resistance.  As  a  result  of  many  years  of  research  by  Soviet 
metallurgists  there  were  created  dozens  of  makes  of  austenitic  steels  which  excel¬ 
lently  serve  under  conqplex  conditions  in  chemical,  petroleum  and  other  branches  of 

La 

industry.  Heat-resistant  steals  idiich  work  in  aggressive  gaseous  media  must 
resaatanee  tn  saaillnc. 

The  problem  of  ensuring  the  required  corrosion  resistance  of  weld  Joints  in 
different  media  and  at  different  tenqperatures  is  of  great  practical  importance  and, 
together  with  the  problem  of  inoreaslng  the  resistance  of  welds  against  the  forma¬ 
tion  of  hot  cracks,  is  a  deciding  factor  in  the  whole  problem  of  welding  of  austen^ 
itic  steels.  Therefore,  particular  attention  is  paid  to  the  problem  of  the  corro¬ 
sion  resistance  of  weld  Joints. 

1.  Classification  of  Kinds  of  Corrosion  Destruction  of  Weld  Joints 
At  the  present  tine  two  bi^o  types  of  corrosion  destruction  of  the  weld  Joints 
are  known:  intergranular  (or  structural  )  corrosion  and  over-all  corrosion.  Fig.  88 
*  The  term  ^structural  eorrosion"^  was  proposed  by  0.  V.  Akimov  /k/* 


soheinttieally  repreBsnts  both  kinds  od  corrosion  destruction*  Liquid  and  ^as  oorro- 


elon  are  differentiated* 

Intergranular  liquid  corrosion  can  develop  in  three  seotions  of  the  weld  Jointt 

a)  in  the  base  metal  at  some  distance  from  the  weldi 

b)  in  the  weld  metalf 

c)  in  the  base  metal  immediately  at  :the  fxision  line  (so-called  knife-line 
corrosion)  Fig*  880* 


The  neohani80  of  wld-Joint  deetruotion  which  results  from  structural  corroslon/^^ 


le  in  general  the  sane  and  does  not  depend  on  the  location  —  whether  it  is  the 
weld  or  the  base  metal*  Ihe  structural  corrosion  results  frcsn  the  penetration 
of  an  aggressive  reagent  into  Ihe  stainless  steel  along  the  grain  (crystal) 
boundaries^  and  for  this  reason  this  kind  of  deterioration  was  called  intergran¬ 
ular  corrosion*  In  structural  corrosion  the  individual  grains  are  disconnected 
and  the  metal  disintergrates  into  a  powder*  The  extent  of  the  intergranular 
corrosion  caimot  be  detemined  from  the  outer  appearance  of  the  metal  because 
the  penetration  of  the  aggressive  medium  into  steel  occurs  along  the  austenitic 
grain  boundaries^  and  the  grains  (crystals)  themselves  remain  untouched*  To 
determine  the  extent  of  corrosion  it  is  necessary  to  load  the  metal  —  bend  it 
in  such  a  way  that  the  affected  eree  is  in  the  sone  under  tension,  or  stretch  it* 


Pig.  88,  Types  of  veld  Joint  corrosion  deterioration: 

Intergranular  (structural)  corrosion:  a)  in  the  tese  metalj  b)  in  the  weld  metal;  c)  knife- 
line  corrosion  along  the  fusion  line. 

General  corrosion:  d)  unlfora;  e)  concentrated  on  the  weld;  f)  same  on  the  base  metal; 
g)  knife-line  jst  the  fusion  line;  h)  accelerated  corrosion  of  the  base  metal;  i)  inter¬ 
granular  corrosion  in  1K)48N9  steel,  caused  by  heating  during  welding  (magnified  300  times) 
J)  concentrated  corrosion  on  the  veld. 

4id 


The  eorroslonal  cracks  will  open  and  the  indlvidv<il  austenite  grains  may  fall  out  from  the 


deformed  metal.  Because  of  t  c  uisconneet-*  cn  between  grainy  the  affected  metal  loses  Its 

f 

metallic  sound.  A  sanqple  idiloh  is  deeply  affected  by  the  intergranular  corrosion  has  a 
dead  ( "caunlboard"}  sound  when  it  hits  metal  or  stone  (concrete,  marble).  Weld  Joint  dete¬ 
rioration  caused  by  the  development  of  intergranular  corrosion  is  illustrated  by  the  photo¬ 
graphs  given  in  Fig.  89. 


Fig.  89.  Bxasqples  of  the  weld  Joint  intergranular  corrosion: 
a)  single-pass  weld,  b)  multiple-layer  weld,  e)  concentrated  intergranular  corrosion  along 
the  boTindary  between  the  weld  and  the  base  metal  (knife-line  corrosion) . 

Thcuf^  the  mechanisms  of  intergranular  corrosion  in  the  weld  and  in  the  base  metal  are 


the  same,  the  causes  of  this  type  of  corrosion  are  different  at  different  weld  joint  lo¬ 
calities  and  depend  on  many  factors.  We  will  deal  only  with  the  most  important  ones. 

The  appearance  of  intergranular  corrosion  at  a  distance  from  the  weld  is  caused  by  \ 
effect  of  the  welding  heat  on  the  steel.  Along  both  sides  of  the  weld  there  are  areas  of 
base  metal  which  as  a  resxilt  of  welding  were  subjected  to  a  more  of  less  prolonged  heatir 
a^  critical  temperatures  irtilch  cause  deco(nq>osition  of  tne  austenite  and  precipitation  of 
the  excess  phase  along  the  grain  boundaries.  It  is  thought  that  the  precipitation  of  the 
excess  phase  is  accompanied  by  a  decrease  in  chromium  concentration  at  the  surfaces  of  tl 
austenite  grains.  If  chromium  content  in  the  boundary  layers  of  austenitic  grains  (cryst< 
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the  O(;p:nt0fliv6  agent  diseolves  the  chroolma-poor  metal  and  starte  intergranular 
oorroeion*  Steele  which  are  etieceptible  to  intergranular  corroaion  aa  a  result 
of  short-tem  heating  in  the  region  of  critical  temperatures  are  not  fit  for  weld¬ 
ing  and  at  the  present  tine  find  only  limited  uses*  Steels  which  are  stabilized 
with  corresponding  amounts  bf  titanium  or  niobium  and  tantalum  are  stable  against 
critical  tenperatures  and  are  therefore  %fidely  used  in  industry*  Because  of  this* 
when  welded  structures  are  made  from  stainless  steels  one  usually  does  not  have 
to  wony  about  the  intergranular  corrosion  at  some  distance  from  the  weOd  if  the 
quality  of  the  base  metal  was  properly  controlled* 

Intergranular  corrosion  in  the  weld  metal  can  occur  for  two  reasons?  1)  the 
weld  in  the  natural  state«  1*  e*»  after  welding;was  liable  to  Intergranular  cor¬ 
rosion  because  of  precipi talon  in  it  of  an  excess  phase;  2)  the  weld  was  corrosion 
resistant  in  its  natural  states  but  lost  the  resistance  because  of  the  influence 
of  critical  temperatures  during  its  eerrice* 

The  Intergramilar  corrosion  in  the  bese  metal  next  to  the  fusion  llne>  or 
knife-line  corrosion*  affects  a  nax’row  strip  of  steel  which/  as  a  result  of  the 
welding  heat  cycle,  was  heated  to  tanperatures  exceeding  1250°C*  This  typo  of  : 
corrosion  affects  only  pteels  which  are  stabilised  with  titanium  or  niobium  and 

/r/ 


tantfiLlun.  IT  the  eteela  are  heated  to  teaperatures  exceeding  1200^1i$0°t  carbides 
oif  titanium  erJidobium  dissolve  in  the  austenite*  During  the  subsequent  influence 
of  critical  temperatures  at  the  section  of  the  base  metal  which  were  heated  to  the 
temperature  of  carbide  dissolution,  titanium  and  niobium  remain  in  the  solid  solu¬ 
tion,  the  carbides  of  chromium  precipitate  along  the  grain  boundaries  and  inter¬ 
granular  corrosion  starts  to  develop*  Because  of  the  high  heat  concentration  during 
arc  welding,  the  superheat  area  next  to  the  veld  is  very  narrow  and  therefore  the 
corrosion  destruction  has  a  concentrated  oharaoter*  Usually  a  strip  Of  the  base 

h 

metal  up  to  1*5  nm  wide  is  af footed*  If  the  san^les  affected  by  this  type  of 
corrosion  are  tested  by. bending,  the  destruction  appears  as  a  knife  cut,  which  re¬ 
sulted  in  the  name  "knife-line  oorrosion**' 

It  must  be  enphasised  that  this  type  of  intergranular  corrosion  is  observed 
in  steels  which  in  finished  form  are  insensitive  to  critical  temperatures* 

The  over-all  liquid  corrosion  causes  a  visible  destruction  of  the  weld  Joint 
and  is  a  result  of  metal  dissolving  in  the  aggressive  medium* 

The  general  corrosion  6an  also. result  from  Intense  destruction  of  the  grain 
boundaries,  i*  e*,  intergranu]ar  corrosion*  As  a  result  of  the  bonding  loss  among 
the  crystals  individual  austenitic  grains  can  be  carried  away  by  the  aggressive 
liquid*  The  steel  grains  themselves  in  this  ease  can  have  sufficient  stability  in 


the  given  aggressive  medium* 


In  overfall  corrosion  there  Is  most  often  a  dissolution  of  both  the  austenitic  grains 
and  the  boundaries  between  them. 

The  over-all  corrosion  can  be  uniform  or  ooncentrated. 

In  the  first  case  the  oorrosion  rates  aure  approximately  the  same  for  all  the  sections 
of  the  weld  Joint  —the  base  metal,  the  weld,  and  the  zone  next  to  the  weld.  If  the  cor- 
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rosion  develops  uniformly,  it  is  not  dangerous  because  the  rate  of  metal  deterioration  can 
be  calculated  and  the  ‘structure  life  can  be  determined  beforehand. 

The  concentration  of  over-all  corrosion  on  the  weld  or  in  the  zone  next  to  it  is  very 
dangerous.  The  concentration  of  the  over-all  corrosion  can  take  place  at  some  distance  fron 
the  weld  in  the  area  tdiere  the  steel  is  affected  by  critical  temperatures  and  at  the  fusior 
line,  i.e.,  where  the  intergranular  knife-line  corrosion  develops.  In  concentrated  over-all 
corrosion  the  absolute  metal  loss  which  results  from  its  dissolution  is  relatively  small. 
But  the  rate  of  the  metal  thinning  at  the  concentration  area  is  tens  and  hundreds  fold 
higher  than  the  thinning  rate  of  the  steel  from  over-all  corrosion  in  the  given  medium. 
This  can  lead  toua  very  fast  destruction  of  the  welded  apparatus.  Thus,  for  example,  in 
England  a  welded  tank  6  m  in  diameter,  6  m  high  and  2.6  mm  thick,  which  was  made  of  18-8 
steel  with  titanium  and  used  for  storage  of  9(>%  nitric  acid,'  went  out  of  service  after  thrc 
years  of  operation  because  of  knife-line  corrosion  /208/.  There  are  cases  when  apparatus 
made  of  lKhl8N9T  steel  failed  after  a  few  weeks  of  service  because  of  concentrated 
corrosion  of  the  welds.  In  the  USi  a  container  made  of  18-8  steel  with  niobium 


was  destroyed  extremely  fast  as  a  result  of  knife-line  corrosion  /l7li/* 

It  must  be  emphasised  that  in  spite  of  the  undoubted  connection  between  the 
processes  of  over-all  and  intergranular  oorrosionst  a  stabilization  of  the  metal 
against  one  of  the  types  of  destruction  does  not  guarantee  a  sufficient  stability 
against  the  other  type  of  corrosion*  Thus«  for  example «  a  weld  nay  be  stable 
against  Intergranular  corrosion  in  nitric  acid^  but  at  the  same  time  it  nay  be 
intensely  attacked  by  ovaivall  corrosion  in  the  sane  nedliua* 

There  is  one  more  type  of  liquid  corrosion  which  occurs  as  s  result  of  the 
conbined  influence  of  tensile  stresses  and  aggrsssive  mediumt  it  is  called  the 
corrosion  under  stress  /23/*  The  metal  destruction  from  the  corrosion  under  stress 
has  a  ndjced  character  —  both  intergranular  and  transcrystalline*  It  is  known  that 
the  corrosion  under  stress  usually  develops  when  halogen  salts  are  present  in  the 

electrolyte^  though  it  may  occur  in  other  media  —  for  example^  in  the  molten 

* 

eutectbid  lead-bismuth  at  UOO— 500^* 


*  Irfawesi  investigations  showed  that  stable  austenitic  steels  and  welds  are  liable 
to  transcrystalline  oorrosioniiunder  stress  in  sulfuric  acid  /77/* 


As  was  established  in  the  Institute  for  Electric  Welding  /77/, 


soae  austenitic  steels  are  subject  to  Intergranular  corrosion  as  a 
result  of  cold  hardening  (see  Section  10).  The  mechanism  of  corrosior 
under  stress  is  still  insufficiently  explored. 

Finally,  in  weld  Joints  of  austenitic  steels,  intergranular 
corrosion  may  be  caused  by  fatigue.  The  development  of  this  type  of 
corrosion  is  greatly  Influenced  by  the  effect  of  the  adsorption 
weakening  of  a  metal,  known  as  the  Reblnder  effect  /112/. 

All  that  we  said  about  corrosion  refers  to  the  performance  of 
weld  Joints  in  liquid  aggressive  media.  However,  welds  of  high-nickel 
scale-resistant  steels,  such  as  type  25-20,  are  as  a  rule  not  require 
to  perform  in  liquid  media,  but  in  gas,  wh^e  they  are  exposed  to 
the  effect  of  the  so-called  gas  corrosion. 

Gas  corrosion  may  be  of  an  Intergranular  character.  This  type 
of  destruction  is  usually  observed  on  high-nickel  steels,  alloys  and 
welds  performing  in  an  atmosphere  of  sulfurous  gases  (see  Fig.  115). 
Qver-all  corrosion,  or  scale  formation,  can  be  either  uniform  or 
concentrated  on  welds  if  these  contain  excessive  amounts  of 


vanadium  or  other  elements  Imp^ing  their  resistance  to  scaling 
(see  Fig.  114). 


It  is  the  liquid  corrosion  of  velds  that  is  essentially 


discussed  in  this  volume. 


2.  Modem  Theory  of  the  Intergranular  Corrosion  of 


chromium-nickel  austenitic  steels 


Nonstabllized  chromium-nickel  austenitic  steels 


not  alloyed  vlth  titanium^  niobium  or  tantaliux)  of  normal  carbon 
content  (above  0.02  to  0.03  per  cent)  become  susceptible  to  inter¬ 
granular  corrosion  as  a  result  of  being  slowly  cooled  from  temperatu: 

e 

higher  than  1000  C,  or  due  to  holding  for  longer  or  shorter  periods 

O 

of  time  in  the  so-called  critical  temperature  range  of  450  to  850  C 


(according  to  other  data  from  400  to  900  C).  We  also  know  that  the 


phenomenon  of  intergranular  corrosion  of  stainless  steels  is 


linked  to  the  precipitation  of  chromium-rich  Iron^  and  chromium 

carbides,  (Gr,Fe)  C  (or  (Cr,Fe)  C.  ,  according  to  other  data)  along 

4  o 

the  boundaries  of  austenite  grains.  According  to  the  pseudobinary 
diagram  of  state  (Fig.  2),  the  maximum  solubility  of  carbon  in 


austenite  At  normal  temperatures  is  0.02  to  0.03  per  cent. 


Hence,  in  18-8  steel,  precipitation  of  carbides  can  occur  only  at  a 


higher  carbon  content.  The  formation  of  these  carbides  proceeds  at 
the  expense  of  large  amotmts  of  chromium  being  dravn  from  the 
adjoining  perlpherlal  regions  of  the  austenite  grains.  This  loss 
in  chromium  impairs  the  chemical  stability  of  the  boundary  layers 
of  the  austenite;  as  a  restilt,  the  steel  becomes  susceptible  to 
structural  corrosion. 

The  modern  theory  of  Intergranular  corrosion  is  based  on  the 
vldely  known  theory  of  multi electrode  systems  which  was  developed  by 
the  prominent  Soviet  scientist  G.  V.  Akimov  and  his  associates  /4/, 


A.  N.  Frumkln  /135/  and  others.  This  theory  regards  stainless 
steel  swsceptible  to  Intergranular  corrosion  as  a  system  of  the 
following  three  electrodes  (Fig.  90):  I)  the  austenite  grain; 

II)  chromium  and  iron  carbides  at  the  boundaries  of  grains  of 
austenite;  III)  chromlum-impoverlshed  boudary  layers  of  austenite. 
Under  the  effect  of  oxygen  In  an  aggressive  medium,  grains  of  auste¬ 
nite  containing  a  sufficient  amount  of  chromium  and  chromium-rich 
carbides  will  passivate  and  acquire  a  positive  potential.  However, 
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the  boundary  layers  of  the 


^eef 


Fig,  90.  Three-electrode  system: 

a)  hardened  18-8  steely  b)  18-8  steel  after  critical  temperatures: 

I)  austenite^  II)  Cr  and  Fe  carbides  at  the  grain  'boundaries; 

III)  chromium- Iffipoverl shed  boundary  regions  (A,  P.  Gulyayev), 
c)  chromium-  and  iron  carbides  at  the  grain  boundaries  of  18-8  steely 
(  X  12500)  (Yu.  fi,  Malevskly),  d)  carbides  in  the  ferrite  regions 
of  a  ferrite-austenitic  veld  of  18-8  steel. (X  6000) 

(Yu.  B.  Malevskiy) 


austenite  grains  which  have  lost  large  amounts  of  chromium  to  the 
carbides  cannot  passivate,  assuming  thus  a  negative  potential.  In  the 
three-electrode  system  under  discussion,  the  electrodes  I  and  II 
(grain  and  carbides)  are  the  cathodes  with  respect  to  the  anode  III 
austenite  boundary  layers).  Only  a  relatively  small  surface  of  the 
austenite  anode  boundary  layers  Is  exposed  to  the  effect  exerted  by 
a  large  surface  of  the  cathode  grains,  as  a  result  of  which  the 
corrosion  current  reaches  a  large  magnitude,  while  Intergranular 
corrosion  develops  actively  and  swiftly. 

The  sensitivity  to  Intergranular  corrosion  of  austenitic 
chromium-nickel  steels  depends  on  the  time  of  their  exposure  to 


44® 


a  given  critical  temperature.  The  time  in  which  the  steel,  preserves 


its  initial  Resistance  to  intergranular  corrosion  (we  will  denote 
it  by  T^)  varies  with  the  critical  temperature.  Curve  1,  in  Fig.  91, 
Illustrates  the  Interdependence  of  the  annealing- temperature  and 
time  of  18-8-steel  welds,  as  well  as  their  susceptibility  to  inter¬ 
granular  corrosion.  N.  Yu.  Pal'chuk  obtained  analogous  curves  for 
manual  welds  /96/. 

The  curves  under  discussion  show  a  drop  in  time  T^  from 

several  hours  to  mere  minutes  with  annealing  temperature  rising 

« 

up  to  650  to  700  C.  Susceptibility  to  intergranular  corrosion  is 

0 

absent  altogether  as  soon  as  temperature  reaches  800  to  850  C.  Behavlo 
of  steel  varying  with  temperature  is  explained  by  the  different 
rates  of  two  opposite  processes,  namely,  precipitation  of  chromium 
carbides,  and  chRbmlum  diffusion  from  the  central  region  of  the 

I 

ju 

austenite  grains  to  their  periphery.  The  rates  of  austenite  disinte¬ 
gration  and  chromium- carbide  formation  Increase  with  temperature 

o  0 

rising  from  450  to  50O  C  up  to  650  uo  700  C  more  rapidly  than  the 
rate  of  chromium  diffusion.  In  view  of  this,  the  steel  acquires 
susceptibility  to  Intergranular  corrosion  in  less  time. 


Fig.  91.  Effect  ofv holding  time  and  temperature  on  the 
susceptibility  18-8-steel  velds  to  Intergranular  corrosion 
(diagram):  a)  according  to  data  of  this  author  and  those  of 
Zltter  and  others  /266,  264/,  according  to  Seferlan, 
c)  carbides  at  the  austenite  grain  boundaries  in  18-8-steel 
weld 


ri 


(X  2500)  (Yu.  B.  Malevskiy) . 


A  further  temperature  rise  from  650  to  700 *C  up  to  800  to  850*C 


leads  to  a  steadily  increasing  rate  of  chromium  diffusion.  It  is 


that  chromium-carbide  precipitation  is  accompaziled  by  an 


ever  growing  rate  of  chromium-atom  displacement  from  the  more  distant 
to  the  peripheral  regions  of  austenite  in  which,  latter,  the  concentra 
tlon  of  this  element  is  temporarily  reduced.  In  other  words,  the 


4^3 


chromium  consumed  In  the  formation  of  carbides  is  supplied  also  by 


the  more  distant  regions  of  the  austenite,  not  only  by  the  peripheral 
ones.  In  view  of  this  a  dangerous  local  impoverishment  of  austenite 
in  chromium  does  not  occur  as  rapidly  as  at  lover  temperatures, 
where  diffusion  from  within  the  grains  is  too. slow. to  compensate 
chromium  consumption  out  of  the  peripheral  zones.  With  rising 
temperature,  moreover,  the  process  of  coagulation  of  the  carbides 
and  their  dl solving  in  the  austenite  begins  to  tell. 

It  was  established  that  long  holding  of  18-8  steel  In  the 

critical  temperature  range  has  the  effect  of  rendering  the  metal 

quite  insusceptible  to  intergranular  corrosion.  According  to  data 

of  Bain  and  others  /147  and  148/,  fl.68^^arbon-bearing  18-8  steel 

becomes  jlnsensitlve  to  intergranular  corrosion  after  having  been 

0 

held  for  thousands  of  hours  at  a  temperature  of  650  C.  This 
phenomenon  is  explained  chromium  diffusion  from  within  the 
austenite  gtains  toward  their  boundaries,  and  by  a  higher  chromium 
concentration  in  the  regions  previously  impoverished  in  chromim. 

From  the  above  it  follows  that  apart  from  the  first  period  of 
holding  18-8  steel  at  critical  temperatures^  that  is^  the  period 


th«re  exists  also  another  period,  iddeh  ve  have  named  the  period  of 

inmurdsatlon,  T.  •  Thus,  16-8  steel  &  osed  to  the  effect  of  critioal 
In 

teiqperatures,  will  at  first  retain  its  resistance  to  intergranular  corrosion 
for  a  certain  time  After  a  more  or  less  lengthy  exposure  to  the  given 
tenperature,  the  steel  will  regain  Its  temporarily  lost  former  resistance. 
Considering  idiat  we  have  said  above,  it  seems  that  another  curve  besides 
curve  1  may  be  plotted  on  Fig.  91,  a,  namely  curve  2,  expressing  the  variations 

of  the  isBunisation  period  T  as  a  fhnction  of  tenperature. 

in 

As  has  been  stated  earlier,  the  immunisation  period  of  rolled  steel  lasts 
hundreds  and  even  thousands  of  hours.  In  view  of  this,  the  problems  related  to 
the  imnunisation  of  rolled  l8-8  steel,  i.e.,  the  recovery  of  the  resistance  which 
had  been  te^Mrarlly  lost,  or  the  so-called  secondary  resistance  of  the  sted,* 
have  no  practical  value.  It  will  be  seen  below  that  imnunisation  heat- treatment 
of  welds  yields  positive  results  in  incomparably  shorter  periods  of  time,  and 
thus  merits  particular  attention  (see  Section  6). 

« 

The  definition  "secondary  resistanoe"  was  proposed  by  N.  lu.  Pal'chuk  /98/« 


Fig.  91«  b  schematically  Illustrates  the  variation  character  of  the 
corrosion  resistance  of  18-8  steel  as  a  function  of  annealing  tempera¬ 
ture  and  holding  time. 

The  theoty  of  intergranular  corrosion  of  stainless  steels^ 
briefly  outlined  above  and  put  forward  by  Schottky  /232/  and  Bain 
with  associates  /147/  is  based  on  the  recognition  of  the  fact  that 
the  formation  of  chromium  carbides  Is  accompanied  by  loss  In  chromim 
In  the  boundary  layers  of  the  austenite  grains  (crystals),  hence 
this  theory  Is  also  called  the  "theory  of  Impoverishment"  or  the 


"carbide  theorytO 


It  Is  of  interest  to  note  that  In  1931}  vhen  Bain  first 


introduced  his  theory  of  impoverishment,  the  world  still  lacked 
the  modern  devices  permitting  observation  of  the  chromium  carbides 

at  the  grain  boundaries  of  austenitic  steel.  In  this  Bain  succeeded 

* 

25  years  later  using  an  electron  microscope  /149/  ' ,  the  carbides 
being  discovered  directly  as  they  dislocate  along  the  grain  boundaries 
of  the  austenite  and  not  in  their  extracted  form  as  seen  by  Mala 
and  Nlelson,and  G.  G.  Mukhin  /S3/.  Though  the  presence  of  carbides 
at  the  grain  boundaries  is  now  proved,  we  still  lack  convincing 
experimental  evidence  on  the  Impoverishmeht  of  austenite-grain 
boundaries  in  chromium. 

At  the  present  time,  the  theory  of  impoverishment  Is  subject 
to  severe  crltlsm  despite  it  being  supported  by  an  overwhelming 
majority  of  corrosion  experts.  In  his  work,  1.  A.  Levin  /59/  comes 

9 

■  *  Analogous  investigations  were  carried  out  on  our  request  by 

Yu.  B.  Malevskiy  in  the  Institute  for  electric  welding.  (See  Fig.  91, 
/246/.  _ 


to  the  conclusion  that  this  theory  is  incompetent,  pointing  out  that 
destruction  of  steels  due  to  intergranular  corrosion  proceeds  directly 
along  the  grain  boundaries  where,  apparently,  chemically  unstable 
iron  carbides  are  precipitated,  and  not  along  the  peripheral  regions 

-.9^  ^he  chromium-depleted  grains.  According  to  I.  A.  Levin  /60/,  the 
reason  for  the  localization  of  corrosion  at  the  grain  boundaries  is 

to  be  seen  in  the  great  mechanical  stresses  caused  by  carbide  precipi¬ 
tation.  In  another  work  /173/  which  also  questions  the  correctness  of 
the  said  theory,  it  is  suggested  that  the  reason  for  corrosion  destruc¬ 
tion  should  be  sought  in  the  precipitation  of  carbides  rich  in  iron 
rather  than  in  chromium,  and  therefore  lacking  chemical  stability. 

Here,  in  essence,  it  is  spoken  of  the  destruction  of  the  Intercrystal- 
llne  layers  proper,  and  not  of  the  peripheral  regions  of  austenite 
grains. 

In  the  literature  we  find  numerous  examples  for  the  intergranular 
corrosion  of  stainless  steels  which  cannot  be  expleined  on  the  basis 
of  the  carbide  theory;  such  as: 

1)  Vacuum- smelted  stainless  steel  bearing  17.6  per  cent  chromium 
and  24.0  per  cent  nickel  while,  practically,  carbon-free  (a  mere 

■  . ““  Mi  ~  . . . . . . 


0.003^  C) ,  is  susceptible  to  Intergranular  corrosion.  It  became 
susceptible  to  corrosion  after  holding  for  169  hrs  at  500*C. 

2)  Molybdenum- bearing  18-8  steel  containing  0.017^  carbon^  Is 
susceptible  to  Intergranular  corrosion  In  65-per  cent  nitric  acid  ' 
after  prolonged  exposure  to  critical  temperatures. 

3)  Stainless  steel, containing  0.03JC  carbon,  18.12^  chromium 
and  8*34^  nickel,  proved  susceptible  to  intergranular  corrosion 
after  a  holding  of  24  hrs  at  650*C  and  boiling  in  a  sulfuric-acid 
solution  of  copper  sulfate  for  I44  hrs, 

4)  Stainless  steel,  containing  17J^  chromium,  7%  nickel,  0,7% 
carbon,  and  completely  free  of  (the  energetic  carbide-formers)  titanium 
and  niobium,  is  entirely  immune  to  Intergranular  corrosion  (in  the 
region  of  the  veld)  under  the  effect  of  welding. 


In  the  first  three  cases  we  are  dealing  with  intercrystallitic 


oorrosi<m  in  steels  with  an  extremely  low  carbon  content,  -^t  Is  unlikely 

that  with  a  O.CX)3j(  carbon  content  in  the  steel  corrosion  would  be  caused 
by  chromium  carbides*  Carbide  precipitation  is  not  to  be  expected  with  such 
a  low  carbon  concentrati<»i.  In  the  last  ease  (fourth  example)  there  was  no 
corrosion)  although  there  was  nothing  to  prevent  carbide  precipitation* 

Aluminum  does  not  produce  carbides  and  the  steel  does  not  contain  any 
carbide-forming  elements  stronger  than  chromium*  What  prevented  the 
appearance  of  corrosion  ?  The  carbide  theory  oannot  provide  an  answer  to  this 
question* 

The  nature  of  intercrystallitic  corrosion  of  stainless  steel  is 
very  complex  and  multiform.  The  appearance  of  this  kind  of  corrosion  in  welds 
is  related  to  the  existoice  of  many  additional  factors,  including  internal 
stresses  which  facilitate  toe  appearance  of  Rebinder's  "adsorption-wedging" 
effect,  thus  making  It  'ifficult  to  detect  toe  real  causes  of  the  structure 
of  corrosion. 

Certain  authors  assumed  that  the  cause  of  intercrystallitic  corrosion  lies 
in  the  oxides  and  nitrides  that  precipitate  on  toe  grain  boundaries  /222/* 

It  has  bem  assumed  that  toe  c^phase  may  be  the  cause  of  tills  kind  of 

He 


corroslMi.  We  advanced  the  hjrpotheels  that  Intercrystallltlo  corrosion 
in  l8-8-type  steel  welds  is  caused  bgr  an  iapoverishment  of  the  austenite 
grain  boundaries,  due  to  the  precipitation  of  secondary  chronous  ferrite, 
instead  of  chromium  carbides  /63/* 

In  order  to  explain  the  causes  of  intercrystallitic  corrosion, 

Althof  advanced  the  so-called  intra-atonio  theory,  ihich,  however,  did  not 
receive  acceptance. 

It  has  been  advanced  that  intercrystallitic  corrosion  is  caused  by 
the  formation  —  on  the  grain  boundaries  ~  of  a  troostite  structure  ^ich 
does  not  resist  the  action  of  an  agressive  medium  (Kinzel),  and  also  the 
formation  of  a  stressed  state  created  by  an  excess  phase  on  the  grain 
boundaries  /60/. 

Non.^  of  these  hypotheses,  including  the  carbide  tbe<»7’,  can  be 
considered  sufficiently  founded. 

Henceforth,  idien  diecussing  problems  of  corrosion  in  welds,  we  will 
proceed  from  the  theory  of  faapoverishmant,  assuming,  however,  that  aiistenit^ 
is  being  impoverished  of  chromium  not  only  because  of  chromium  carbides,  but 
because  of  an  excess  phase  produced  by  the  disintegration  of  austenite, 
idiich  phase  is  a  conplex  of  structural  formations,  1.  e.,  of  carbides  and 


secondary  ferrite  /98/. 


Section  3.  'i’hs  Effect  of  Primary  Ferrite  on  the  Corrosion  Resistance 
of  Auetenitic  OhrowiuiiK-Nickel  Steel  Welds 

The  modern  theor7  of  intererystallltio  corrosion  of  stainless  steels 
considers,  as  we  saw,  only  two  structural  con^onents  of  steel:  austenite 
and  oarbldes*  However,  another  phase,  namely  primary  8>farrite,  can  be 
present  in  welds.  It  has  bem  said  above 


that  in  Oder  to  eUndjiate  hot  craeka  in  welding  of  austenitic  steels  it 
is  absolutely  necessary  to  have  this  struotoral  con^oment  in  the  weld* 

What  is  its  role  in  the  processes  of  Intercrystallltic  corrosion? 

Payson>  who  back  in  1911  A?3/  first  to  Call 

attentlcn  to  the  beneficial  role  of  ferrite,  assuraes  that  intercrystallltic 
corroalcn  in  two-phase  steels  can  be  prevented  owing  to  the  fact  that  ferrite 

seems  to  be  enriched  with  carbon  ai>d  that  it  is  precisely  here.  Inside  the 

P 

ferrite  sections,  that  chroaium  carbides  are  formed.  As  is  known,  there  is 
less  carbon  in  ferrite  than  in  austenite,  and  Pay  son's  hypothesis  concerning 
the  concentration  of  carbides  in  ferrite  cannot  be  considered  as  founded. 

/  V  a 


^"Ig*  92*  Diffusion  processes  talcing  place  on  the  phase  boundary 
between  austenite  and  primary  ferrite  in' a  w^  (schematic); 

I,  n.  III  —  stages  in  the  process  of  two-sided  diffusion  of  C  and  Cr. 

am 


Investigations  made  at  the  Institute  of  Electric  Welding  permit 
the  following  answer  to  the  question  of  the  beneficial  role  of  ferrite  in 
welds. 

On  the  basis  of  modem  studies  in  the  field  of  diffusion  in  solids 

it  nay  be  affirmed  that  diffusion  processes  in  ferrite  take  place  at  a 

considerably  gaster  rate  ^tan  in  austenite*  Ferrite  (  OC -solid  solution) 

differs  from  austenite  (  y  —solid  solution)  by  a  less  con^ct  padctng  of 

the  atoms  in  the  czystal  lattice*  Ihe  nobility  of  the  atoms  is  higher  in  the 

body-centered  lattice  of  the  OC  ( S  )-pha8ft  than  Ih  the  face-centered  lattice 

of  y^iron,  ^Ws  for  exainple,  according  to  data  of  la*  S,  Umanskiy  and 

others  A3li/«  diffusion  coefficient  of  nitrogen  is  20CX}  times  higher 

in  ferrite  than  in  austenite*  'This  study,  as  we  J.  as  studies  by  S*  D. 

show 

Gertsriken,  I*  la*  Dekhtyar  and  others,/that  not  a  single  case  is  known 
where  the  diffusion  rate  is  higher  in  ^  -iron  than  In  oC  -iron*  The 
latest  Investigation  made  by  P*  L*  Qrusln  and  others  /26/  with  the  aid  of 
the  radloaotlve  Isotope  established  that  at  S^O^C  carbon  difftxslon  is 
1^  times  faster  in  ferrite  than  in  austenite*  It  may  be  affirmed  that 
chrontun  also  diffuses  faster  in  ferrite  than  in  austenite* 

Let  us  examine  the  phenomena  taking  place  on  the  phase  boundary  between 


austenite  and  primary  ferrite  in  a  weld  under  the  effect  of  critical 


temperatures  (Pig*  92)*  Urinary  ferrite^  owing  to  dendritic  liqyiation, 
differs  from  the  austenite  that  surrounds  it  by  a  higher  chroitilum 
ooneentratloa*  during  slow  cooling  after  crystallization  of  the  veld  or 
dndsr r  thecirepdated  effect  of  critical  temperatures  the  carbon  atoms  travel 
from  the  austenite  into  the  ferrite*  This  is  promoted  by  three  factors: 

1}  higher  carbon  concentration  in  austenite  than  in  ferrite;  2)  accelerated 
carbon  dlffbsioa  during  the  transition  through  the  phase  boundary  between 
austenite  and  ferrite,  owing  to  the  higher  diffusion  rate  in  ferrite; 

3)  the  tendency  of  carbon  to  combine  with  the  active  carbide-forming  elemmt 
chromium,  in  accordance  with  the  laws  of  reactive  diffu8i<»  (there  is  nusre 
chromium  in  ferrite  than  in  austenite)* 

It  must  be  assumed  th^t  the  process  of  reactive  diffusion  plays  the 

the 

dominant  part,  since  the  diffusion  rate  of/'earbon  atoms,which,  together  with  the 
irmi  base  of  the  weld  fora  an  interstitial  solid  solutlcm,  considerably 
exceeds  the  diffusion  rate  of  the  chromium  atoms  idilch  together  with  the 
iron  fora  a  subatltutlonal  solid  solution. 

'Ihe  peculiar  structure  of  clad  steel  (MSt*3  08Khl2)  discovered  by  ns 
together  with  fe*  S*  Kudelya  and  A*  S*  Dem'yanohuk  /70/  indicates  that 
diffusimi  of  carbon  atoms  from  a  metal  not  containing  chromiua  into  a  metal 


Fig*  93*  Carbon  diffusion  discovered  in  clad  steal  vith  a 
ferritic  chrondun  cladding. 
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that  does  contain  (fronium  Is  entirely  possible*  ^lad  steel  is  produced  by 


the  Joint  hotujf’.ollldg  of  two  steel  ingots^  one  of  ferritic  carbon,  the  other 
of  ferrltio  (hnnium  steel*  The  carbon  steel  contains  not  more  than  0,1$% 
carbon  and  up  to  0,2%  dtoiniuia,  vriiereas  the  chromium  steel  contains  12,1  chromium 
and  up  to  0*07^  carbon*  Airing  rolling  at  a  temperature  above  the  point, 
the  law>carbon  steel  acquires  an  austenitic  structure,  vhile  the  low-carbon 
chroodun  steel  maintaLns  its  ferritic  structure*  Owing  to  the  difference  in 
the  chromium  and  carbon  conoentratlons  in  the  steels  and  to  theirldlfferait 


crystal  lattice,  the  carbon  atoms,  in  coapllanee  with  the  laws  of  reactive 
and  concentrational  diffusion,  travel  from  the  carbon  steel  not  containing 


chramiia  into  the  ferritic  chromium  steel*  As  a  result,  the  layer  of 


MSt*3  steA  which  is  in  contact 
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vlth  the  ohronlujn  cladding  looses  almost  all  of  Its  carbon  to  a  depth  of  1  mm, 


\«hereas  the  layer  of  the  chromlua  steel  becomes,  on  the  contrary,  extremely 
rich  In  carbcsi}  the  carbon  concentration  in  the  chromium  steel  Immediately 
adjacent  to  the  MSt«3  ste^  increases  almost  1$  times  and  reaches  1% 

(Fig.  93 )•  Together  with  carbon  diffusion,  an  opposite  process  of  chromium 
diffusion  takes  id.aoe  from  the  chrcnaium  cladding  into  the  MSt«3  steel* 

Although  chromium  diffusion  is  difficult  in  austenite,  as  compared  to  ferrite, 
the  chromium  atoms  nevertheless  travel  through  the  boundary  between  the  two 
steels  owing  to  the  great  difference  in  the  chrondum  concentration* 

Reactive  carbon  diffusion  into  a  metal  with  an  elevated  content  of 
carbide-forming  elements  is  also  possible  if  this  metal  has  a  higher  carbon 
content  than  the  metal  not  containing  any  carbide-forming  dements*  In  other 
words,  ascending  carbon  diffusion  is  possible  when  metal  of  such  different 
ecmposition  are  in  contact*  Therefore,  carbon  diffusion  takes  place  also 
in  such  clad  plates  in  which  the  St*3  steel  and  the  08Khl2  or  l8-8-type  steel 
cladding  have  the  same  carbon  concentration  /ll/m  It  is  also  known  that,  in 
the  case  of  prolonged  heating  of  weld  Joint  of  unalloyed  steel  with 
austenitic  chrondum-nlckel  welds,  carboDjOWiiig  to  its  tendency  to  combine 
with  ohromlus^ diffuses,  from  the  zone  adjacent  to  the  weld  into  the  weld  metal* 


Together  with  the  proeees  of  dlaplacement  of  carbon  from  austenite 


into  prlaeuy  ferrite  In  the  weld  under  the  effect  of  critical  teiaperatures^ 
there  Is  apparently  also  a  {iisplacenent  of  chromluin  atoms  from  the  inner 
zme  of  ferrite  seotioa  towards  Its  periphery*  The  carbon  atoms  are 
continuously  encountered  by  new  droaliim  atoms* 

%usj  the  diffusion  processes  in  the  weld  result  in  changes  similar 
to  the  changes  taking  place  in  rolling  and  heating  of  clad  steel*  Carbon 
atoms  coming  from  austenite  and  chromium  atoms  coning  from  the  central  parts 
of  the  ferrite  sectl<ms  accumulate  near  the  bo.  idary  surface  between  austealte 
and  ferrite^  1*  e*|  Inside  ami  on  the  boundaries  of  the  ferrite  sections* 
Consequently^  the  fomatlon  of  chromium  carbides  or  some  other  excess  phase 
including  such  car'  ‘  dss  takes  place  inside  the  ferrite  sections  and  on  their 
boundaries.  We  assume  that  in  austenitic-ferritic  velds  in  which,  as  we  know, 
the  Intercrystalllne  fllme  are  extremely  thin,  preclpltatioi  of  the  excess 
phase  oa  the  boundaries  of  the  austenite  grains  (ciystale)  is  eoctremely  low* 
The  processes  and  phase  transformations  taking  place  at  the  points  itdiere 
primary  ferrite  is  situated  become  of  primary  iirportanoe* 


It  fallows  from  what  haa  been  said  above  that  the  preeence  of 


pxjmary  ferrite  In  velda  Introduces  qaalltatlve  changes  into  the  processes  ^ 
Tdiich  can  cause  auaceptiblllty  of  the  metal  to  Interitranular  corrosion. 

%e  main  feature  of  these  qualitative  alterations  is  the  localization  of 
phase  transfarmationa  In  those  sectioiiis  of  the  freld  that  are  occupied  b7 


primary  ferrite. 


is  natural  to  assume  that  this  localization  must  have  a  beneficial 
effect  on  the  corrosion  resistance  of  the  weld,  and  this  effect  will  be  the 
stronger,  the  finer  and  more  dedicate  the  micros  true  ture  of  the  weld. 

In  a  purely  austenltlo  single-phase  weld  (Fig.  9U,  a)  with  an 
undeveloped  crystal  surface  and  with  thick  Intercrystalline  films 
precipitation  of  the  excess  phase  takes  place  In  the  form  of  continuous 
chains  along  the  boundaries  of  the  acloular  austenite  crystals*  Tlds  results 
in  the  fomation  of  continuous  tracks  of  austenite  highly  empoverished  of 
ohrOnitau  Ihe  conditions  for  penetration  of  the  aggressive  reagent  into 
the  weld  are  thus  made  favorable*  Under  these  conditions,  intercrys tail! tic 
corrosion  develops  very  strongly  (Fig.  9I4,  a}* 

In  two-phase  austenitlo-ferritlo  welds  (Fig*  b)  with  a  developed 
crystal  surface  and  with  a  refined  disoriented  structure,  primary  ferrite 
is  d^sited  in  the  form  of  individual  raMfied  petals*  The  bulk  of  primary 
ferrite  is  formed  during  crystallization  inside  the  dendrites,  and  only  a 
small  part  on  their  boundaries*  Therefore,  the  major  part  of  ferrite  in  the 
frozen  weld  is  situated  inside  the  columnar  crystals,  and  not  on  the  grain 
(crystal)  boundaries.  As  a  result,  precipitation  of  the  excess  phase  rich  in 
ohfflalimtladgeg^jBoaEnatbanl^  am  theb  gato  hmindarijaiq,  bote  jjasldaD  ■thes 


pftei^itatitn  of  excess  phase 


a  ^ 


Fig*  9l;«  Precipitation  of  the  excess  jhase  in  the  weld: 

a)  austenitic  single-phase  weldj  b)  two-phase  austenitic-ferritic  w^. 

grains*  Xl^xiverlshineat  of  chromiun  is  localized  in  the  sections  \diere  the 

ferrite  coii;)onent  is  situated*  Thus^  the  cheadcally  \instablessectlons  vAiich 

border  the  ferrite  petals  alternate  with  austenite  sections  in  which  no 

phase  transfornatlmis  took  place*  The  aggressive  reagent  will  encounter 

resistant  obstacles  on  its  way  toward  the  depth  of  the  veld*  As  a  result, 

the  develoiment  of  inter  granular  corrosion  is,  to  a  certain  extent,  made 

difficult  in  austenltic-ferritio  velds* 

The  beneficial  role  of  prinazy  ferrite  in  stainless  steel  welds 

-'does  not  end  in  the  localisation  of  chroiiduja  ^overishnent  of  austenite. 

I  . 

The  presence  of  ferrite  sharply  increases  the  capacity  for  inmunizatlCTi  of 
velds,  in  conparlson  with  rolled  or  forged  steel  of  the  sans  composition* 


Experiments  made  for  determining  the  Ininunlsatlon  period  ^owed  that 

austenltio-ferritlc  l8>8-type  steel  velds  containing  0*09^  carbon  vithout 

BTCf  stabilizers  such  as  titanium  or  niobium  become  absolutely  Inviune  to 

Interigranular  corrosion  already  after  18  to  2U  hours  of  soaking  at  6$0°, 

o 

It  turns  out  that  for  a  veld  at  650  is  lover  b^r  a  factor  of  several  tens 
than  In  the  case  of  rolled  steel  of  similar  composition.  The  rapid  Immunization 
of  velds  is  undoubtedly  the  result  of  the  sharp  increase  in  the  diffusion 
rate  of  carbon  and  chromium  in  the  weld,  as  conpazied  vlth  steel.  The 
diffusion  processes  in  the  veld  metal  are  accelerated  by  three  circumstances: 

1)  the  distortim  of  the  crystal  lattice^  caused  by  internal  stresses  arising 
in  the  veld  as  a  result  of  the  rapid  heating  and  cooling  of  the  welded  part 
and  rapid  primary  crystallization;  these  stresses  attain  the  yield  point; 

2)  the  presence  of  a  ferritic  component;  3)  a  structure  that  is  finer  than 
in  the  steel* 

While  examining  the  effect  of  heat  treatment  on  the  veld  structure 

(see. page  88),  ve  pointed  out  that  the  stressed  state  of  the  veld 

is 

facilitates  diffusion.  Ihis/eTident  from  the  relationship  between  the 
diffusicxx  coefficient  and  the  activation  energy 

Q 


> 


(18) 


^ihere  D  is  the  diffusion  coefficient  at  an  absolute  temperature  T; 


R  is  the  gas  constant  (1*987  oal/g  atom); 

A  is  a  factor  determined  by  the  type  of  crystal  lattice; 

Q  is  the  activation  energy  or  diffusion  heat  necessazy  to  free  a 
metal  atom  from  the  lattice,  and  make  it  mobile* 

The  diffusion  proeeeses  are  markaiUy  aooalerated  and  the  imnunleation 
period  Is  shortened  if  the  tenperature  Is  increased  and  also  if  the  weld 
metal  Is  simultaneously  subjected  to  heating  and  tensile  stress*  The  effect 
of  plastic  deformation  hardly  yields  to  that  of  cold  plastic  deformation, 
as  far  as  efficiency  Is  concerned  (see  Section  7,  Chapter  V)*  Experiments 
shoved  that  If/^sUe  stress  of  20  kg/nn^  Is  created  In  an  auatenltic-ferrltlc 
veld,  i*  e*,  a  stress  that  is  below  the  yield  point,  and  if  the  weld  is  at 
the  same  time  heated  to  8^0^,  even  if  only  for  a  short  time,  for  exanple 
by  a  moving  gas  torch,  the  immunisation  period  can  be  reduced  by  several  tines* 
These  eaq>erlments  make  it  possible  to  affirm  that  service  stresses  and  high 
service  temperatures  can  promote  rapid  Immunization  of  welds  in  real  structures* 
The  influence  cf  the  ferrite  component  on  the  diffusl<»  rate  of  carbon 
and  chromium  depends  on  the  character  of  ferrite  distribution  in  the  austenitic 
veld  base*  It  is  natural  that  an  increase  in  the  contact  surface  between 


austenite  and  ferrite  must  speed  up  dlffuslwi  and  reduce  the  Inmunlzatlon 


period*  '^herefarey  austenitic-ferritic  welds  with  a  disoriented  refined 
structure  have  the  shortest  inminlzation  period*  plus*  for  example* 
the  Innunisation  period  of  austenltlo-ferrltlc  double  welds 


ooataining  0.10  to  0.12^  C  and  not  containing  titaniuni  and  niobium,  amounts 
to  about  $0  hours  at  6^0^,  U  hours  at  700°  and  less  than  2  hours  at  8^0^. 

The  following  values  of  were  obtained  for  austenitic  welds:  about  200  hours 

p 

at  6^0^  (more  than  U  times  more)  and  about  $0  hours  at  700°C  (more  than  12 
tines  more)/63/*  According  to  data  of  /2$li/  even  $000  hours  of  heating  at 
$$0°  do  not  cause  Imnunizatlon  in  l8-8-Nb-type  welds,  but  immunization  is 
achieved  alreadgr  after  $00  hours  at  6$0°C, 

Velds  with  a  small  cross  section  and  a  finer  structure  are 
immunized  at  a  faster  rate  than  single-pass  welds  with  a  large  cross  section, 
the  chemical  coB9>o8ltlon  being  the  sans  and  the  quantitgr  of  8  -phase 
i^proxinately  equal* 

In  welds  with  a  refined  structure  the  decrease  in  the  chromium  content 
in  austenite  is  less  than  in  welds  with  an  oriented  structure  or  in  welds 
containing  a  small  quantity  of  ferrite.  In  order  to  eliminate  the  susceptibility 
of  welds  to  Interorystallitio  corrosion,  it  is  necessary  to  Increase  the 
chromium  content  in  the  eRq>overi8hed  sections  of  austenite,  to  be  precise 
at  least  up  to  the  stability  treshold,  i.  e.,  to  12.5  atomio  5.  The  Smaller 
the  differmoe  between  the  ehrcmdum  content  near  the  ferritic  sections  and 
the  stability  limit,  the  faster  the  achieveewnt  of  secondary 


corrosion  resistance  (after  innunization)  of  the  veld* 


The  stated  Ideas  show  that  primazy  feirrite  has  a  beDeficial  effect  on 
the  corrosion  resistance  of  welds  owing  tot  1)  localized  impoverishment  of 
.ohrondjunf  and  2}  a  sharp  increase  in  the  susceptibility  to  immunization* 

Methods  of  increasing  the  corrosion  resistance  of  welds 
of  ohrowlta»»nickel  smtsnittp  steels* 

The  following  neasores  of  protecting  intergranular  corrosion  of  stainless 
steels  have  been  developed  in  practice  t 

!•  The  greatest  possible  decrease  in  carbon  concentration  to  the  point 
of  its  solubility  in  austenite  at  noraal  tenperaturSf  i»e»}  to  between  0*02 
and  0«03^«  Such  steels  are  called  ultralow->oarbon  stainless  steels. 

At  this  loi^osrbon  contentf  there  is  no  e3coes»>phsse  precipitation, 
and,  hence,  the  causes  of  susceptibility  to  intergranular  corrosion  are 
slininated.* 


According  to  literature  data,  American  ultralow> carbon  stainless  18-8  ELC  and 
18*8l  steels  lose  their  corr^aioa  resistance  after  prolonged  heating  at  U6$ 
to  53^C*  The  corrosion  rate  in  nitric  acid  reaches  5^  •  10**^  inches  annually 
/I67/0  i*a.,  about  l*lt  nsi/year.  ’  - 

^f7 


2*  Hardening  steel  from  a  tenperature  between  1050  and  1150^0  •  ^eh  heat 
treatment  eauaea  the  excess  phase  to  diasolYe,  and  fixes  the  single  phase 
aastenitio  stmetore  of  the  steel.  If  heat  treatment  at  critloal  tenqperatures 
is  repeated,  such  steel  regains  its  tenden^  to  corrosiom 


3-  To  include  in  the  composition  of^ steel,  elements  of  hiejher 
carbide-forming  activity  than  chromium  (so-called  stabilization). 
These  elements  combine  with  carbon  to  form  stable  carbides.  Hence, 
excess  phase  precipitation  does  not  lead  to  any  dangerous  decrease 
in  chromliua  content.  As  a  result,  steel  remains  unsusceptible  to 
intergranular  corrosion  after  exposure  to  critical  temperatures. 

Carbide-forming  ability  of  an  element  may  be  judged  by  the 
magnitude  of  free  ene£gy  liberated  in  the  Qorresponding  reactions. 


formation,  b)  nitride  formation,  as  a  function 
of  temperature » 


Flgur*  9$t  presenta  data  (ealeulated  bgr  ua  firon  the  thermodynamLo 


oonatanta  aa  el  ted  In  the  work  of  0,  Kubeaheraklj  and  E.  Erana)  on  the 
variation  of  firee  energy  releaaed  in  earbide>foming  reactiona  of  a  aeriea 
of  elenenta^  aa  a  fhnotion  of  teoperature*  According  to  theae  data,  airconiun, 
titanium  and  niobiua  are  the  noat  effective  eartaide>foming  elementa  within 
the  critical  teaperature  range*  Heretofore,  only  tltaniun  and  niohiun  plus 
tantalum  are  uaed  for  the  atabili  action  of  auatenitio  ateela*  The  high  affinity 
of  airconium  to  oxygen  makea  ita  admixture  to  ateel  difficult* 

Modem  techniquea  of  vacuum  fbaion  will  probably  reault  in  drconium  being 
btiliaed  for  the  atabiliaation  of  auatenitie  atedla* 

In  addition  to  theae  three  methoda  of  protecting  auatenitio  ateela  Itom 
atruotural  oorroaion,  N*  D*  Tomaahor  A30/  recently  propoaed  a  procedure  involving 
nail  additiona  of  platinum  and  palladium*  Aa  ooigKnaenta  of  auatenitio  ateel. 


th«M  eraate  adorocathodea  In  the  latter^  iddeh  enaoree  eaay  paaeivatloQ 


of  the  ateel*  A  lower  aoode  aotieity  of  the  alloj  reduoea  the  rate  of  oorroalon. 
According  to  data  A30/,  lKhl8N9  ateel  eorrodea  in  UO^  H  SO,  at  a  rate  of 

2  U 

2 

18  gr/»  •  hr«  The  addition  of  a  nere  0*1J(  platlxnim  or  palladiun  to  the  ateel 
redoeea  its  rate  of  oorroalon  10  to  1$  tinea*  This  effect  ia  atiU  more  atriking 
in  the  eaae  of  Xh27  ateelt  here«  an  addition  of  0m$%  Pd  reduced  the  corroaion 
rate  300  tinea*  In  work  fHOf,  ailTer  la  referred  to  along  with  Pt  and  Pd. 

Howereri  our  attenpta  to  alloy  welda  of  lKhl6N9T  ateel  with  silver  proved  that 
due  to  ita  ooagilete  Inaolufaility  in  iron  and  nickel,  silver  eatergea  to  the  weld 
aorfaoe  in  the  sh^  of  glohules*  Additions  of  silver  in  the  fora  of  an  alloy 
adsorbable  hf  the  weld  pool  would  probably  serve  the  puarpose  better*  To  our 
knowledge,  e]q;>eriaent8  on  the  ailing  of  welds  with  Pt  and  Fd  have  not  yet 
been  nade* 

Let  us  exanine  the  use  of  lKhl8ll9T  iteel  of  nomal  carbon  content  (0*12^  C) 
to  see  in  how  far  the  abov^awntioned  nethoda  of  preventing  intergranular  corroaion 
prove  effective  iriien  i^jplled  to  welds* 

Suppose  an  Sv-OKhl8M9  ultralow»carbon  wire  of  0*03^  carbon  content  is  used 


for  welding*  For  carton^oontent  determination,  we^will  use  Eq*  (9)*  Since,  in 


th«  valding  proo«sf  of  auotenitio  ateals  oarbon  praotloally  la  not  aubjeot  to 


oxidation  (  Ac  ■  0),  tfaia  equation  takea  the  forms 

Ib  £  e 

mm 

In  Buoual  waldingi  the  baaio  metal  doea  not  exceed  20^,  and,  hence 

/q7  -  0.2  •  0.12  ♦  0*8  *  0.03  >  0.Qli6](. 

2 

Vhen  carbon  content  ia  that  low,  a  weld  in  natural  condition  ia  suffLeiently 
oorrQalon-reaiataat*  N«  Tu.  Pal'ohuk  haa  sdM>vn  that  the  quantity  increases 
'appreciably  with  a  decreasing  oarbon  content  in  aanual  welds  of  18-8  steel,  and 
that  eren  after  repeated  and  relatively  long  esqsosure  to  critical  tenperatures, 
such  as  ia  aultipasa  welding,  a  tendency  to  intergranular  oorrod.on  need  not  be 
feared. 

In  automatio  flux  welding,  ^  is  usually  about  70^.  Here, 

/C/^  -  0.7  •  0.12  ♦  0.3  •  0.03  -  0,09%, 

P 

* 

Translator's  notes  The  subscripts  used  in  this  equation  denotes 

1^  •  weld,  m  •  metal,  e  ■  effective. 


j/fA 


E3qp«riiMBb8  hanra  shown  that  a  one-sldsd  aingla-pass  automatic  weld 
with  this  carbon  contentf  in  natural  condition^  la  8uffleleRbl7  reaistant 

to  intergranular  corrosion,  but  that  it  swiftljr  loses  this  resistance 

< 

under  the  effect  of  dangerous  tanperatuxes.  Thus,  for  examine,  if  a 

Ijgrer  is  welded  to  the  opposite  side  of  a  double  weld,  the  latter's  resistance 

to  struotural  eorrosioa  aaj  be  lest* 


Thiiff  m  ean  sm  that,  although  there  is  aone  point  in  the  applioation 
of  ultraloir  oarbon  Oleotrodes,  it  ioes  not  in  itself  present  the  solution 
of  the  problea  how  to  aake  welds  resistant  to  corrosion.  This  applies  m 
aspeeiill7  to  autoMtlo  s<iuare  butt  welding. 

In  praotioe,  bn»*hnh1ng  of  welded  constructions  for  austenite  is  in 
the  vast  aajority  of  oases  unfeasible  because  of  the  tremendous  technological 
diffionltiss  InnrolTod.  Moreover,  over-all  heatii^  to  hardening  temperature 
oauses  deformation  of  the  struotural  shapes,  Vhil*  loeal  heating  results 
in  conoentrated  stresses. 

Stabilisation  of  welds  with  titaninm  is  possible  in  gasHshlslddd 
welding  (argon,  helim)  and  also  flnorlne-flnz  welding.  In  unshielded 
aro  welding  with  thloldgr  coated  eleotrodes,  titaninm  oacidlzes  so  intensely 
as  to  greatly  inpedo  alloying  of  welds  with  this  slsmsnt.  Welds  alloyed  with 
titaninm  in  amounts  laxgs  enough  to  resist  intergranular  corrosion,  have  a 
relatively  low  oorrosion  raelstanoe  in  nitrlo  acid  (set  below) .  This  limits 
the  use  of  titaninm  for  aUoying  of  welds  la  prsctios.  Using  nioblnm  for 
stsbillsstion  of 


welds  is  very  ounibersoine  due  to  its  tendency  to  farm  hot  cracks  in  welds* 

As  was  pointed  out  in  Chapter  IV,  special  techniques  are  required  to 
neutralize  the  harmful  effect  of  niobium* 

Hence,  none  of  the  procedures  applied  to  counteract  intergranular 
corrosion  in  stainless  steein  may  be  utilized  in  welded  constructions  of 
these  steels  without  taking  additional  preventive  measures* 

On  the  basis  of  investigations  conducted  at  the  Institute  for  Arc  Wdding, 
the  following  new  methods  irare  proposed  for  resisting  Intergranular  corrosion 
in  velds  of  austenitic  chromiaivniekel  steels:  1)  alloying  the  weld  metal 
with  ferrite-forndng  additions  (titanium  and  niobium  excluded)  with  a  view 
to  obtain  an  alloyed  prlmaxy  ferrite  of  high  chromium  content  in  the  weld, 
and  2}  imnunlsatlon  heat  treatment,  or  80~called  stabillizatlon  anneeOlng, 
of  ferrltlc-austenltlo  welds*  Both  methods  are  based  on  the  favorable 

f 

effect  of  the  primary  ferrite,  discussed  in  Section  3* 


> 


Effect  of  All< 


Adgdxturee  on  the  Heals  tanoe  to  Intergranular 


qylng 

Corrosion  of  Welds  of  Auatenltio  Steele. 

^  effect  of  sUoylng  elenents  on  the  resistance  to  Intergranular 
corrosion  of  welds  director  depends  on  the  nature  of  their  actiLoa  up<m 
the  prinary  structure  of  the  weld*  Experlaients  revealed  that  ferritlzing 
elenents  enhance  the  corrosion  resistance  of  welds^  ihereaa  austenitizing 
adnixturea  dlninlsh  it* 

Ferrite-forming  admixtures »  Both  theoretical  and  practical  interest 
is  focused  primarily  on  studying  the  effect  of  aluninuffi  and  silicon^  since, 
contrazy  to  most  ferritizers^  these  elements  do 


not  form  oasbldea.  On  tho  «xaB|)lo  of  velds  allogred  with  alundnm  it  Is 
possible  to  obtain  a  clear  vlev  of  the  effeot  of  the  primary  ferrite  on 
the  aooeleratiom  of  diffusion  processes  and  on  the  prevention  of  inter- 
granular  corrosion. 

S]q>erlnental  results  shov  oonvlncingiy  that  the  ferritisers  (aluminm 
.  and  silleOn)  are  not  inferior  to  the  carbide-foraiers  (titanium  and  nioblxun) 
in  making  velds  resistant  to  Intergranular  corrosion  /63/* 

It  is  ipproprlate  to  mention  here  the  entirely  false  opinion  which 
until  qpite  recently  prevailed  in  the  pertinent  literatTire,  claiming  that 
the  oarbide-fomers  titanium  and  niobium  are  alone  capable  of  preventing 
intergranular  corrosion  In  welds. 

fact)  until  recently  modem  literature  on  welding  of  stainless 
steel  entirely  Ignored  diffusion  in  the  weld,  while  the  effeot  and  sig- 
nifioanoe  of  the  primary  structure  and  of  tho  primary  ferrite  wem  not 
paid  the  attention  thsy  deserve. 

This>  attitude  of  welding  experts  towards  ferrite  has  de^ly  rooted, 
steaming  froa  the  automatlo  acceptance  of  the  view  l^ld  among  metidlurgists 
that  the.^  (S  ) -phase  in  'austenitio  steels  was  undesirable.  Since  the 


•^^haae  In^ adas  mechanical  hot  working  of  austenitic  steels  >  the  attitude 
of  the  metallarglsts  toward  It  waw  not  unfounded;  however,  the  welders' 
view  lacked  foundation,  as  develqpnents  have  shown. 

i^erlnente  have  proved  that  the  beneficial  effect  of  ferrite-forming 
elements  -  titanium  and  niobium  included  -  on  the  resistance  of  velds 
to  Intergranular  corrosion  increases  i^reelably  idien  oaorgb^^free  and 
low-siliocn  fluxes  are  used.  Ipparently,  this  is  to  be  explainea  by  the 
modif^rlng  refining  effect  of  these  fluxes  on  the  primary  structure  of 
welds. 

f 

The  effect  of  aluminum  in  speeding  up  diffusion  and  shortening  the 
immunisation  period  be  Judged  by  the  results  of  the  following 

testa.  Specimens  with  welds  contaixiing  0.11j(  carbon  and  O.lj^  aluminum 
were  tested  for  intergranular  corrosion  by  boiling  for  72  hours  after 
^ferentlal  holding  at  S^O^C  (Table  li3)* 


tHi 


Table  43 


Oocurrenoe  of  intergranular  eorroeion  after  differential  holding 
at  and  72  hour  boiling  in  eulfurie  solution  of  blue  vitriol 


Soaking  period  of  velded  speolnens  at  6$CfiG  in  nln. 


0 

2 

5 

10 

15 

2$ 

! 

;  30 

None 

iVeeent 

Present 

Present 

Present 

1 

Present,  none 

! 

None 

Eiqierijnents  showed  that  a  doable  veld  of  18>8  steel  containing 
0.11^  carbon  and  no  aluninuiB  is  iraaunized.only  after  5^  to  60  hours  of 
soaking  at  650^0  • 

An  addition  of  0«U^  aluadnun  to  a  weld  of  similar  coxopositlon  permits 
of  shortening  the  Imnunlzatioo  period  more  than  hundredfold,  reducing  it  to 
25-30  nin*  The  favorable  effect  of  aluninum  as,  indeed,  of 


all  other  ferrltlzere  —  nlobl\m  and  titanium  incladed  ^ould  not 


be  interpreted  as  being  merely  due  to  the  formation  of  the  ferrite  component 
as  suoh*  There  can  be  no  doubt  that,  similar  to  the  resistance  of  welds  to 
hot  cracking,  it  is  not  so  much  the  amount  of  the  S  -phaae  but  rather 
its  properties  —  more  propwly  its  qualitative  oharaeterlstics  — >  that  are 
of  decisive  iaportanoe*  Of  these,  the  ability  of  ferrites  to  accelerate  to 
a  greater  or  less  extent  the  diffusion  of  chromium  and  carbon  is,  probably, 
most  significant*  It  can  be  readily  conceived  that  a  speedier  diffusion  of 
ohroBdun  and  carbon  in  the  S  -phase  nust  undoubtedly  result  in  a  more 
rapid  Imnuniaatian  of  the  weld*  When  alloying  welds  with  ferrite-forming 
elements,  the  extent  to  which  the  diffusion  of  chromium  and  carbon  in  austenite  is 
quickened  or  slowed  down  oust  also  be  of  some  consequence  (to  be  sure,  not  only  the 
$ -phase,  but  also  the  austenite  is  alloyed  with  ferrltizers)* 

V.  1*  Arkharov  /?/  notes  that  alxuidnum  appreciably  increases  the 
diffusion  rate  of  chromium  in  austenite*  According  to  0.  N*  Dubinin's  data, 
molybdenum*  tungsten,  chrowlnn  and  silicon  have  the  same  effect,  i^ile 
the  diffusioa  rate  of  carbon  in  austenite  is  ^owed  down  by  nickel*  manganese 


and  ccppar.  Taking  these  data  into  aooount,  it  can  be  understood  why 
velds  of  18<4  steel  additionally  alloyed  with  the  ferritizers  Al,  Mo> 

Vf  Cr,  and  Sl^  are  more  swiftly  immunised  than  those  with  a  higher  Ni, 
}ta,  and  On  eontentj  other  conditions  being  equal.  In  the  former  case, 
secondary  resistance  will  be  achieved  more  rapidly  due  to  the  chrondum- 
content  being  evenly  distrubuted.  In  the  latter  oase^  this  process  is 
delayed j  sinoe  the  foxvation  of  oarbidea  takes  a  longer  tine. 

The  favorable  effect  of  the  S  ^ase  is  also  apparent  fl’om  the  fact 
that  smaller  amounts  of  titmiium  and  niobium  are  needed  for  stabilizing 
velds  of  18-8  steel  than  in  the  ease  of  rolled  or  forged  steel.  For  the 
stabilisation  of  steel  with  titanium  or  niobium^  these  elements  should 
be  added  in  amounts  not  smaller  than  as  ealoulated  from  Formulas  (2) 
and  (3)«  Practice  shows  that  the  stabilization  of  a  weld  of  ferritic- 
austenitic  stmoture  with  a  carbon  content  of  0.1Q|(  to  0.12$  is  achieved 
already  by  an  addition  of  to  0.6$  niobium  or  0.30  to  0.35$  titanium, 
as  against  the  0.8  to  1.0$  and  0.1i  to  0.5$,  respectively,  required  by 
these  formulae. 

i£Long  with  alundnua  mzd  eilioon,  other  ferritizers  also  have  the 
ability  to  stabilise  the  welds  of  stainless  steels.  The  effect  ^  . 


of  tungsten  and  molybdenum  can  be  determined  from  the  data 


obtained  in  19^  vhioh  «•  present  in  Table  liJ»« 

It  ehoold  be  noted  that  in  a  paper  poblished  in  19$$  Baerleeken  and 
Rirsoh  who  studied  the  effeot  of  various  ferrltizers  on  the  resistanoe 
of  anstenitio  steels  to  intergranular  oorroslonf  arrived  at  exactly  the 
sene  eeoelusloas  about  the  favoMbls  sfftot  of  vanadlun  end  nelybdenon 
when  used  in  the  said  ooneentrations* 

Among  the  ferritlsing  elements,  vanadium  is  the  most  effective  next  to 
airooninm,  niobium  and  alumininm*  Bxeellent  rehults  have  been  obtained  in 
the  alloirlng  of  maids  by  using  siliooo  in  eonbinatloo  vith  vanadixmu 


Table  44 


Effect  of  vanadium,  tung5ten,^molybdenum  on-tlre  resistance 


to* intergranular  corrosion  Of  18-8  steel  welds 


Stabilizing 

admixture 

Chemical  composition  of 

weld  metal  in  % 

Elements 

% 

C 

Si 

Mn 

Cr 

Ni 

Vanadium 

Tungsten 

Molybdenum 


0.6  0.10  0.67  0.68  18.2  9.7 

1.26  0.10  0.87  0.80  19.3  10.8 

0.88  0.10  0.54  0.82  17.7  9.1 

1.48  0.11  0.62  0.80  18.2  9.4 

1.68“"  0.11  0.54  0.69  18.5  8.1 

2.30  o’.lO  0.62  0.70  19.7  9.4 


Presence  of  inter¬ 
granular  corrosion 
after  2-hr  heating 
at  650‘’c  and  72-hr 
boiling 


Present 
None 
Present 
None 
Present 
None 


#  Intergranular  corrosion  1?  absent  after  8-hr  heating 
at  given  temperature. 


In  automatic  flux-welding,  a  chromium-nickel- si  11  con- vanadium 
electrode,  trade  mark  0Khl8N9F2S  (EI606),  warrants  a  high  resistance 
of  welds  to  Intergranular  corrosionjwhieh.is.byjao  means,  inferior  to 
that  obtained  in  alloying  welds  with  niobium.  The  same  results  are 
obtained  in  manual  welding  with  sllicon-vanadlvun-coated  electrodes 
/36/.  '  .  .  . * 

Vanadium  is  not  only  an  active  f erritizer  ^  but  forms  carbides 

5^5 


as  well  (Fig*  95«  a).  This  may  raise  objections  as  to  the  correctness 

p 

of  our  interpretation  of  the  favoirabla-  effect  of  vanadium  as  a  ferrltizei 

on  an  Increased  resistance  of  welds  to  intergranular  corrosion.  It 

can  be  stated  that  the  effect  of  vanadium  does  not  necessarily  imply 

the  formation  of  a  ferrite,  ^  being  similar  to  that  of  other  carbide- 

formers  (titanium,  asid  niobium  )that  is  tb  s^  ^^nadlum  binds  carbon, 

prevents  formation  of  chromium  carbides,  and^;by  so  doing,  prevents 

in 

susceptibility  to  corrosion.  Indeed, ^the  works  /27,  137,  172/,  the 
effect  of  vanadium  is  evaluated  in  Just  this  way. 

Tests,  specially  conducted  for  this  purpose,  proved  the  correct¬ 
ness  of  out  point  of  view.  Welds  were  obtained  with  different  contents 
of  nickel  (8  to  13%)  t  thec  a  concentration  of  all  other  elements,  includ¬ 
ing  chroxoium  and  carbon,baing  equal.. Each  of  the  two  welds  had  a 
vanadium  content  of  2%,  The  weld  of  18-8  steel,  whose  ferritio-aus- 
tenltic  structure  was  due  to  vanadium,  proved  unsusceptible  to 
granular  corrosion,  whereas  the  weld  of  18-13  steel,  maintained 
its  austenltto structure  regardless  of  the  presence  of  2%  V,  and 
proved  to  be  uoresistahtv. .  At  the  same  time,  purely  austenl tie  welds 
that  were  alloyed  with  titanium  and  niobium  (thajj^s,  with  carbide-  ^ 


formers  of  greater  intensity  than  V)  in  amounts  sufficient  for 
their  stabilization  (about  4  per  cent  T1  and  about  0.7  per  cent 
Nb  at  a  carbon  content  of  1  per  cent)^  are  resistant  to  Intergranular 
corrosion.  It  is  noteworthy  that  in  rolled  steel,  vanadiiua  behaves 
in  the  same  manner  (Table  45)  /205/* 

Due  to  its  low  nickel  content,  specimen  #  1  acquired  a  ferritic- 
austenitic  structure  and  became  corrosion-resistant  after  vanadium  had 


been Padded 


Znflueiio*  of  ycmadltua  on  lnt»rg»nular 


corrosion  nsiataxioo  ot 


ehroBdum-idelel  saotonlto  steel 


M 

1 

Chemioall  composition  of  steely  % 

_ _ 1  -  ^  —  - -  ^  -  -  - - 

Microstruo- 

Susceptibility  to 
inter<granular 
corrosion  after  heati 

m 

C 

Cr 

Mi 

V 

ture 

,  for  an  hour  at  60(fi 

1 

0*12  ' 

1S.09 

8*^ 

'  2J;0 

'  Austenite^ 
ferrite 

None 

2 

0*10 

17.37 

12  Ja 

2*32 

Austenite 

Extremely  high 

3 

0*12 

17*35 

lii.Q5 

3*01 

Austenite 

It  It 

Mote.  Silicon  and  aanganeso  contents  in  the  steels  are  practically  equal. 


Thus  it  is  found  that  ferrite-forming  Adaixtvires«  even  the  most  active  ones 

)•  ,  ' 

such  as  almidnuaj  can  ensure  intercrystallite'^resistant  velds  only  when  the  two-phase 


austenite-ferrite  structure  is  formed*  Inoldently^  this  accounts  for  the  well-known 

f*  %  .  :  ' 

fact  of  the  susceptibility  to  intea^ranular  j  corrosion  of  welds  with  high 

nickel  content  in  steels  of  the  18-14  lype  containing  19  to  3  ferzitizer-inolybde- 


nun  bob  pereserving  their  austenite  struoture.  The  part  of  molybdenum  is  described 

in[2S>|. 

Sinoe  the  decrease  of  chroaiw  con^nt  in  austenite  is  the  cause  of  inber- 


K/. 


orystsUita  corrosionj  efforts  to  stabilise  .the  welds  by  increasing:  chrondutiiu 

.  . .  - 

oonbsnt  in  them  sessis  entirely  natural*  Such  a  suggestion  migr^  howsverj  sd^ 


m  objaotlons*  It  is  known  that  afcaels  of  tho  2^-20  type  and  their  BMn»  are  consi- 

fftanuftt/t- 

derab^jr  noire  suaoeptible  to  intereeystaSttte  corrosion  than  steele  of  the 
type  anl  their  fMena^  despite  a  nearly  !•$  tines  greater  ehroniuin  content  in  the 


formei^  Esperinents  showed  that  with  the  inorease  up  to  22  ^  in  ehronlTni  content j 
a  eeeai  with  8  %  nickel  beeonas  to  interoayetel^ite  corrosion^  despite  the 

absence  of  titaniun  and  idobiun  in  it  •  Bow  iSSid^he'* fact  be  explains^  that 


of  the  25-20  type  steel  are  less  corrosion-resistant  than  those  of  the  25-20 


type  steel?  This«  eridentlar^  is  also  Unked  with  the  nature  of  the  prinary  micro- 

wtftL  wefst 

struoture  of  the  seen*  In  a  purely  austenite  seen  of  the  25-20  type  steely  the 


separation  of  thej 

feaoeesalve  phase  eopomi^ln  thetBeriooff  whole  obalns  and  is  aoooapanied  by  a  great 
loss  of  ohroedua  in  austenite  (Fig*  5tut}*  In  the  seen  with  8  5  of  nickel  content 
the  inorease  in  ohroadui^ntent  resulted  not  only  in  the  increased  amount  of  fer¬ 
rite  but  *lft5  in  the  increased  ohronLua  concentration  in  it*  The  rate  of  diffusion 
increased  so  greatly  that  the  separation  of  the  excessive  phase  no  longer  resulted 

a 

of  the j 

in  lippoverisfanant  (lust^to}  in  place  of  the  chromium  atoms  spent  to  fom  the  ex¬ 
cessive  phasSf  new  ones  arrive  dSistantly  at  the  austenite-ferrite  boundary  and  the 


concentration  of  ohromiun  does  not  drop  below  the  stability  threshold* 

*  The  authors  of  refarenoe  £22^  aladm  that  steel  of  ^  2$»20  type  is  seemingly 

^W.eerwrtat,. 

less  soso^tibls  to  intertrystsHiits  oorroslon  than  steel  of  the  18-8  type  because 
of  the  more  uniform  dlstribation  of  chronLum  oarbldes* 


Mttf 3jr  tbre*  year*  after  the  piiblioation  of  ovur  data  on  the  possibility  to 


prevent  intergranular  corrosion  in  velds  of  the  lS-8  steel  by  increasing  chromium 
content  up  to  Zijt  uithout  resorting  to  niobium  >  an  analogous  work  toas  oarxled 
out  in  the  USA*  Zn  Deoeaber  eleotrodesj  made  from  niobiumi-free  22-10 

steely  were  proposed  there  for  the  mamal  voiding  of  18-8  steel  ^1$^  •  The  welds 
that  vere  obtained  vith  the  use  of  these  eleotodes  contained  22j6  chromium j  they 
were  of  tvo-phase  struoture  (10  to  iSf  (T^hase)  and  resisted  comnon  and  inter¬ 
granular  corrosion* 

Ua  investigated  the  influence  of  sneh  ferritisers  as  baryllium«  tin,  anti¬ 
mony  and  phosphorus*  Antimony  and  phosphorus  oanse  an  intensive  oracking  of  welds* 
Beryllium^  when  its  content  in  the  weld  is  about  prev^htp  intergranular  boT- 

rosibn  but  iapalrs  the  plasticity  of  the  metal  of  the  veld* 

Tin«  introduced  in  amounts  vp  to  2%  into  a  veld  of  18-8  steely  fully  prevents 
intergranular  corrosion*  Small  additions  of  lead  ixMsrease  the  positive  effect  of 
tin*  Additions  of  tin  (greater  than  2$),  however^  cause  hot  eracksj  due  to  the 
formation  of  easily  melted  interoxystal  layers*  Stilly  due  to  the  rapid  increase 
in  the  amount  of  the  Si  -  Sn  euteotio,  a  further  inorease  in  tin  content  prevents 
oradcs*  Baperimants  vith  beryllium  and  tin  additioxis  are  fundamentally  important^ 
since  they  oonfirm  the  oonreotness  of  our  views  as  to  positive  part  of  alL^ed 


f«rrit« 


Aooordli^  to  VdleSf  sulfur  oan  prevent  intergranular  corrosion  in  welds  of 
18-8  steel  during  torch  welding^  if  hydrogen  sulfide  is  added  to  the  acetylene. 
Walds  obtained  in  a  usual  way  show  intergranular  corrosion.  Intergranular  corro¬ 
sion  no  longer  occurs  in  the  weld«  If  $%  sulfUr  Is  Intruduoed  in  the  welding 
torch.  Analogous  results  were  obtained  in  welding  with  sulfor^containing  coatings, 
inlying  sulftor  in  flux  welding  we  succeeded  in  avoiding  intergranular  corrosion; 
in  this  oasSj  however,  the  overall<^rrosion  resistance  of  the  weld  is  narkedly 
lagtsired  in  oxidising  liquid  nadla  (see  below).  Antiaosor  sets  analogously.  Welds 
should  not  be  alloyed  with  these  eleaents  in  practice. 

Anetenjte-foradng  adadxtures.  Hielcel,  aunganase,  copper  and  cobalt  impair 
the  intergranular  -corrosion  resistance  of  welds,  oaaslng  austenization  of  their 

structure.  It  should  be  noted  that  in  the  presence  of  titanium  and  niobium  in  the 

r 

veld,  and  alao  zirconium  in  amounts  sufficient  to  neutralize  oarbon  |8ee  Formulae 
(2)  and  (3)  J  »  purely  austenitio  walde  migr  be  intergranolar-eorroBion  resistant 
aa  a  auittar  of  principle.  Ae  a  rule,  however,  euoh  welds  are  affeoted  by  hot 
oraoks  and  nay  not  be  permitted  in  welded  heavy-duty  strueturee.  Speaking  of  the 
negative  effaot  of  euateoitlzers,  we  mean  welxla,  free  of  titanium,  niobium  and 


tireotdcopi  earblda-formera*  The  aecheniaB  of  the  negative  action  of  austenitizers 


ma7  be  ejqjlained  in  this  case  aa  followv*  Tha  greater  the  amount  of^au8tenlte  and 
the  amaller  the  anount  of  ferrite  in  the  veld,  the  more  unfavor^le  are  the  condi- 
tlone  in  idiich  are  found  chnoniuia-iapoverlehed  reglone.  The  oathode-auetenlte  base 
in  euoh  welds  has  a  eon8iderabl7  larger  eorfaoe  than  in  austenite-ferrite  velds* 
which  stiKulates  the  corrosion  eorrent*  The  disappearanee  of  ferrite  reduces  the 
diffusion  rate*  The  negative  effect  of  nickel*  manganese  and  copper  may  be  Judged 
from  their  effect  on  the  immunization  period  of  velds*  T^ineraases  considerably 
as  the  concentration  of  the  said  elements  increases*  So*  for  exan^ls*  an  increase 
up  to  6*5^  in  manganese  content  or  3^  copper  additions  increase  ^^^rom  k0-$0  up 
to  200  toe  or  more  at  650*’*  The  negative  effect  of  Mn*  Hi  and  Cu  is  also  Unked 
with  their  ability  to  slow  down  carbon  diffusion  in  austenite* 

The  negative  effect  of  carbon  on  the  intergranular-corrosion  resistance 
of  wolds  is  generally  known*  With  tbs  increase  in  carbon  content  the  immunity  of 
welds  declines  steeply*  Thus*  for  example*  an  increase  from  0*0>-0*0t^  up  to 
0*10-0*129(  in  carbon  content  in  autometie  welds  causes  a  nearly  20-fold  increase 

The  effect  of  carbon  on  the  intergranular-corrosion  resistance  of  manual 
welds  in  the  18-6  type  steel  may  be  Judged  trm  TTemlett's  data  f  22ol  (Table  U6}* 


In  vi«v  of  tte  harnful  effaet  of  oarbon«  elsotrode  wires^  even  vlth  traces  of  a 


graphite  lubricant  on  thair  surface^  mey  not  be  used.  S.  V.  Junger  has  found  that 
in  welding  with  such  vires^  the  weld«  even  in  its  natural  state^  does  not  resist 
intergranular  corrosion.  Welds*  obtained  with  the  same  wire  after  removing  graphite 
fron  their  surface*  were  found  well-resistant  in  their  original  state. 

Table  U6 

Iffbot  OB  Inter^anultf-oorroaieiB  reslstaneo  of  oai^n  content*  duration  of  trcat- 
aent  at  6$(fi  and  duration  of  boiling  in  a  solution  ^22^ 


Ooourrenoe  of  Intergra 

for  the  folio 

_ ! _ li _ 

nolar  corrosion 

wing  duration  ii 

after  ten^erln 

a  nlnutee 

g  at  650®C 

■Bi 

^  3 

.  k 

5 

•  6 

and  after  be 

f  oUowlna  nunbei 

of  hours 

w 

5oU*  none 

50U*  none 

lUi*  oocuxred 

72*  brittle 
fracturing  alone 
the  weld  when 
bent 

50lr*  none 

50li*  none 

72*  occurred 

72*  brittle 
fracturing 

5oU*  none 

50U*  none 

72*  occurred 

72*  brittle 
fracturing 

50U*  none 

U32*  occurred 

72*  occurred 

72*  brittle 
fracturing 

50li*  none 

72*  occurred 

72,  brittle 
fracturing 

the  same 

Carbon 
content 
in  the 
weld*  % 


0*OU 

0.05 

0.09 

0.135 


In  welding  stainless  steels*  each  hundredth  of  a  per  cent  of  carbon  already 
affeots  corrosion  roeistanoe  of  welds.  Therefore  any  possible  effort  should  always 
be  Bade  to  rednoe  carbon  content  in  the  weld.  The  application  of  ferzeallnys  with 


htghor  carbon  eontenta  shooli  therefor*  not  be  a|ii?iowed  in  the  nanufaeture  of  elect¬ 
rodes  for  nanoel  welding* 

With  carbon  and  Utanltua  total  contents  equals  the  IntergranuDar-^rroslon  re 
sistanoe  of  the  18<4  steel  nay  vary*  There  will  be  no  corrosion^  if  all  the  carbon 
is  oonibinad  In  tltaninn  carbide*  HOfnever^  if  titanium  is  combined  in  part  in  nit¬ 
rides  or  is  in  a  Y  •solid  solution^  steel  may  be  suseeptib^  to  intergranular  corro¬ 
sion  inspite  of  the  fact  that  the  ratio  of  the  total  titanium  and  carbon  contents  is 
in  conforsity  with  the  atoiebionetrio  ratio  of  these  elements  in  carbide*  Consequent 
lya  to  prevent  Intergranolar  ewrosien  In  16-6  steeii  it  Is  iJi^Kxrtartt  that  the  con¬ 
dition  ^  $  rather  than  $  be  ensured,  idiere  ^be  titanium 

total  content  ooaibined  as  carbides  and  titanium  total  content  in  the 

steel** 

As  yet,  there  is  no  generally  accepted  view  regarding  the  effect  of  nitrogen 
on  the  intergranular  corrosion  of  velds*  According  to  Binder,  Brown  and  Franks,  only 
O*0ilt)K  of  nitrogen  content  liq>airs  the  Intergranular-corrosion  resistance  of  the  18-8 
steel*  At  lover  or  higher  ooneentrations,  no  harmful  effect  of  nitrogen  is  observed* 

One  links  the  negative  effect  of  nitrogen  to  its  ability  to  fona  stable  ni¬ 
trides  with  titaninn*  In  the  presenoe  of  nitrogen  in  the  veld,  titanium  in  part  is 

«  V*  7*  Mal'tsev,  V*  la*  8yoh,  ««teel"  Ho  5#  1$^* 


^•nt  to 


tom  nitjTldes  and  iM  renalnder  in  not  sufficient  to  combine  with 


carbon*  Judging  hj  the  vslde  ot  the  free  energy  at  f omstion  of  nitrides 
(Fig*  9$b)t  the  ooourenoe  of  Zr»  Ti«  7,  Mb*  Al  and  Cr-nitrides  in  welds  of 
the  18-8  type  steel  is  most  probable* 

Other  investlgatox'^  believe  that  the  negative  effect  of  nitrogen  consists 
in  its  ability  to  tom  ohrcadum  niPtrlde*  CrN*  They  point  out  that  at  d00°  the 
free  energy  of  fomation  of  ehroniun  nitride  has  the  negative:  Sign  and  its.  j 
values.  in.t  he  fomation  of  both  ohrcadtai  nitride  and  chromium  carbide  are  of 
the  sane  order*  Proceeding  from  Ihs  fact  of  proodjnlty  of  the  values  for  ttbe 
free  energy  of  formation  of  titanium  nitrides  and  its  carbides*  a  conclusion 
id  also  drawn  that  titaniun  sots  positively  in  two  ways  —  it  combines  with 


both  carbon  and  nitrogen* 


Zn  our  opinion*  the  effeot  at  nitrogen  on  the  oonrosion  susceptibility  of 
a  weld  should  not  be  regarded  i4}art  from  its  action  on  the  structure*  Nitrogen* 
whenever  (in  low  oonoentraticms)  making  the  weld  structure  finer*  must  improve 


the  weld's  corrosion  resistance. 


Should  the  action  of  nitrogen  result  InTweldj auetenlsationL  the  latter's 


resistance  is  bound  to  decrease*  Experiments  showed  that  nitrogen*  Indeed*  has 
soeae  effeot  oh  the  |oorroelojj|woeptibili^  of  a  weld^>^ The  aotion  on  nitrogen 
is  positive  in  welding  under  pumlceous  flux*  It  is  known  that  a  pumioeous  flua^ 


etinco 


tion  trcu  a  glaasy  flux^  provides  a  lass  perfaet  protection  from  air  of  the 


welding  area*  There  is  always  more  nitrogen  in  welds  obtained  under  a  ptaniceous 


flux  than  in  those  mads  under  a  glassy  flux*  The  fsneemae  Intergranular  oor- 
rosion  resistano^ls  soimhat  higher*  In  all«  however^  the  corrosion  effect  of 


nitrogen  both  in  welding  under  flux  and  with  thickly  coated  eieetrodos  is  of 


inoonsiderable  praotloal  significance* 


Apparently^  the  sffsot  of  caeysen  on  the  eorroslon  susorptibility  of  a  veld 
is  linked  with  its  action  on  the  structure  (see  page  72)* 


Aeoording  to  literature  data«  hydrogen 


intergran> 


ular-eorrosion  susceptibility^ 


u  The  positive  effect  of  the  most  effective  car* 


bide-forners,  titanium  and  niobium*  is  generally  known*  Among  other  impurities, 

more  intensive  than  chromium  as  carbide-framers,  airconluin  should  be  mentioned* 

Our  experiments  with  flux  welding  and  N*  la*  Pal'chuk's  experiments  with  manual 

welding  shoMBd  clearly  that  this  element  prevents  intergranular  corrosion  in  welds. 

•jo 

of  the  18-6  tjfps  steal*  Its  short  simply  and  a  great  affinity^  oxygen  prevent 


sireonium  from  being  widely  used  in  praotlce  as  a  stabilizer,  of  welds*  :: 


However,  in  aleotric-toreh  welding  and  non-Q]Qrgen  flux  welding,  a  rather  eoo^lete 
|slrooniam  reeovexy  in  the  weld  pool  oan  be  achieved*  Our  experiments  showed  that 


with  the  eld  of  sireonium  intsrgranolar  oorrosion  can  be  prevented  in  in 


ftiJh 


Kh23ll25K310«  Xh2*3N28M3D3  and  oth«r  stable  austenitic  steels. 


6.  Effect  of  Welding  and  Beat  teeetnent  Conditions  on  Intergranular 
Corrosion  Heslstance  ef  Welds  in  Austenitic  Steels 
Effect  of  welding  conditions.  In  chapter  II  ve  noted  that^  depending  on 
the  conditions  of  welding^  the  prinarj  structure  of  welds  in  austenitic  steels 
undergoes  substantial  changes.  The  rarlatlons  In  conditions  of  welding  which 
result  in  a  finer  prljnar7  struettare  of  the  weld  further  the  latter's  corrosion 
resistance.  Experiments  show  that  welds  -  .  with  a  finer  structure  possess 

a  higher  intergranular-corroslon  resittance  than  those  of  the  sane  chemical 
c<xq)OBitlon  but  with  a  coarser  structure.  Sniusf  for  exanple*  a  sdngla-pass 
weld  on  a  10  mm  thick  lShl8N9T  steel  with  about  1.0^  content  of  .vanadium  re¬ 
sists  intergranular  corrosion  not  only  in  its  original  state  but  also  after  a 
two-hour  treatment  at  a  dangerous  temperature  (650*^0  )•  At  the  same  timoj  the 
single-pese  weld  of  analogous  eo^poeition  but  obtained  on  a  ^  mm  thick  steel 
axwl  poeeeasing  therefore  e  considerably  ooareer  etraottue  (Fig.  ?9)  is  suscept¬ 
ible  to  intergranular  oorroelon  even  in  iti  original  state.  In  this  case*  the 
decline  of  the  weld's  oorroeion  resittanoe  wee  also  furthered^  along  with 
ooarsening  of  its  structure*  by  slower  oooUng*  i.^e.*.  by  prolonged  aotion  on  the 


yuHA  of  offenaiTO  (critical)  ten^eratoros* 

Sloirad  doim  cooling  of  welds  In  stainless  steels  results  in  the  precipitation  of 

the  exoes^hase,  iMeh  is  absolutely  inadadsaible,  if  the  welds,  in  their  original 

p 

state,  should  resist  intergranular  oorroaion  and  will  not  be  subjected  to  critical 
tea9>eratures  later  on*  Therefore,  it  is  always  urged  in  the  literature  on  welding 
that  the  conditions  and  regiaes  for  wading  of  stainless  steals  imist  be  sdeeted 
such  that  the  cooling  of  welds  proceeds  at  a  ataadjaua  possible  rate. 


There  sad. at  different  ways  to  accelerate  the  cooling  of  a  veld  in  the  process 
of  welding*  Acceleration  is  aehLered  with  regines  distinguished  by  a  low  energy 
per  unit  length  and  a  maxinm  possible  rate  of  welding  as  well  as  by  welding  layers 
with  snail  cross  sections*  It  is  reconaended  for  the  sane  pvgrpose  to  weld  staixiless 
steels  on  copper  backings  cooled  by  water*  Sons  authors  propose  that  cold 

water  be  streaaed  on  the  weld  root  directly  in  the  welding  process,  i*e.,  in  the 
close  vidnity  of  the  are  A95/* 

PToB  themal  calculations,  based  on  the  well  known|N*  W*  Hykalini»/work8^^.0/, 
it  is  possible  to  ealeelia^e  4<neppses*— >ten  welding  regines  which  provide  the  re¬ 
quired  cooling  rate  of  wdds  that  undergo  a  repeated  action  of  the  welding  qrcle* 

In  themal  oslculations  for  structural-steel  wdding,  C-sheped  curves  are  applied. 


bgr  ■uperlnpoffi.ng  them  on  the  curves  for  the  cooling  in  the  vicinity  of  the  weld. 


For  steirilesB*steel  welding,  e  curve  for  the  dependence  of  the  weld's  corrosion 

reslstanoe  on  tesqpereture  and  time  Bagr  be  used  in  place  of  the  C-shaped  curve 

(see  fig.  91,  a).  A  weld  must  be  cooled  at  such  a  rate  that  the  time  during  idiich 

the  weld  metal  remains  within  the  critical  terperature  range  in  the  welding  process 

is  less  than  T  (fig.  91|  e)*  In  this  ease,  there  is  not  enough  time  for  the  weld 
1 

to  become  suseq;>tible  to  intergranular  corrosion  /98,  99/* 

N.  Ih*  Pal'ohuk  found  that  a  teiperature  of  730^C  is  most  dangerous  for 
manusl  welda  of  the  16-8  steel*  He  found  that  at  the  tost  dangerous  teiperature, 
the  erltleal  tine  (see  Fig.  91,  a)  for  this  weld  type,  l^ee  of  titaniiua 
and  niobium  stabilisers,  practically  does  not  d^nd  on  the  manual  welding  regimes 

A 

characterised,  within  the  range  firom  2000  to  10,000  cal/om  »  by  the  specific  heat 
energy  is  entirely  determined  by  the  carbon  content.  With  the  decrease  in 
carbon  content  firom  0*15  to  0.Q9,  increases  esq^onentially  Aron  10  to  12  see 
for  0*19^  C  to  60  sec  for  0*09^  C.  Given  the  value  of  T  for  a  weld  with  a 
given  oarbon  content,  it  is  possible  to  calculate  such  welding  regimes  at  which, 
during  a  snlti^pass  manual  welding,  the  total  time  of  esqposure  of  a  working 
(first)  layer  of  the  waLd-on  metal  is  smaller  than  T. 

Thus,  in  stainless  steel  welding  the  rate  of  cooling  of  the  w^  must  be  ma* 

^-7 


xinuu  HoHev»r«  this  ru>  Is  irrelsvanbj  if  the  welds  undergo  immunizing  heat  treat¬ 
ment  (^aftisr  welding*  In  this  ease*  am  aeoelerated  oooling  of  welds  is  undesirable  and  the 
welding  process  should  be  carried  out  in  such  a  wagr  that  the  crystallization  and 
cooling  of  the  velds  prooeed  at  the  lowest  possible  rate*  As  a  result^  the  most 
oosplete  preolpltation  of  the  exeess  phase  will  occur  in  the  weld  already  is  the 
welding  prooess* 

Under  the  further  action  of  critical  teiq;>eratures>  a  single  prooess  of  the 
equalisation  of  chromium  concentration  will  prevail  in  place  of _  '  two  C _  -  the 


fonnation  of  the  excess  phase  aec^anied  by  the  in^verishrnent  in  austenite,  and 

8/ 

the  diffttsion  of  chromium  into  the  chroidua-poor  sectioiuof  austenite*  Hence,  the 
period  of  imonnization  of  viddly  cooled  welds  is  considerably  shorter  than  that  of 
ri^dlyc&d^eiLrphd^*  This  is  also  favored  by  the  fact  that  when  the  ^^stalllza- 


tion  is  slowed  down  the  structure  of  the  veld  becomes  desorientecL  while  a  directed 


struoture  is  formed  in  a  ripidly  cooled  weld*  This  nay  be  illustrated  as  follows* 
Soms  IXhlfiN^T-steel  speoimsne  ware  single-welded  ^conditions  of  extremely  rapid 


oooling*  For  this  purpoae  steel  plates,  *  previously  cooled  down  to 


on  a  ooiper  oaokinif  and  the  slag  crust  was  removed  ianediately  after  the  completion 

of  welding*  Other  np^cinsna  were  welded  using  the  same  addition  agents/*^^^he  same 

Uyitfth 

TBgim  (ourrentf  aro  voltage,  welding  rate),  but^  ccmditlone  of  slowed  down  oooUx^* 


For  this  purpos^  steel  plates^'*-  '  preheated  to  UOO^  were  welded  on  a 
flux  bsdldag^  and  the  slag  oirust  was  removed  onV  after  the  welded  specimen  haJL 


ooiqplstely  oooled*  The  epeeinsns  of  both  series  were  imunlzed^  i«  e.^  were  kept 
for  h$  6,  12  and  2U  hours  at  700%«>and  tested  for  Inter&apBMaMe  corrosion*  It 


was  found  that  slowilar  oooled  welds  turned  oorrosloxMresistant  alreadjr  after  a 
12«hour  treatment  at  lOCfi,  while  rapldlgr  cooled  ones  remained  corrosion-susceptible 
even  after  a  2iii-hour  lamonisation  (Fig*  96}* 

Tfaosf  the  erdlnhtion  bf  the^effeotodfniheiirhte  of-  coolingi'ohbtBe  borroslbn' 
thsiStshberofoeCtiiilesa^^rtldhoshduld^de^hd  onctbetactual  conditions  and  should 


take  into  aooount  the  demands  which  must  be  met  by  the  veld^and  their  subsequent 


orjnotj 

heat  'trea^ment^  !•  e*^  whethw^he  latter  will  take  place* 


It  was  pointed  out  in  Cluster  III  that  changes-  in  the  weld  shape  and  in  the 
direction  of  the  heat  aut.flow  affect  the  location  of  the  liquation  zone.  Appaiently^ 


the  liqpiatlon  sons  is  oazhon'ecKlofaad  end  oonsaqpanUy  it  is  this  sons  where  inter- 


coc’xx>8ion  oocurt  Boat  £reqaent37#  In^^arrov  wolds^  diatlngulehed  ty  the 

A 

presenos  of  s  plane  in  idiiob  oxystsXs  meetf  tha  liquation  sone  is  situated  as  shown 


in  Fig*  91u  in  Islds  of  such  usuaUy  ooourring 


s/^taSe. 

in  ena«ade 


vaxy  intensive  oonoentratlon 


\  Oapep  usuaUy  ooourring  in  ena«Mde  welding^  shoif  a 
of  intereiqwMhMbe>  oorroslon  along  the/longltudlnal 


axis.  CdxTosion  deterleration  of  the  veld!  reseidAes  in  this  oase  a  sharp  out  CFlg. 


97  b).  In  •  wld«  weld,  the  oarbon-rleh  liquation  *one  la  located  In  the  upper 
axial  part.  Here  the  amount  of  ferrite  is  eirall,  the  structure  is  found  to  be 


directed  and  intergranular  corrosion  may  develop  /2l*7A 


Fig,  96,  Effect  of  cooling  condltlone  during  welding  on  the  immunization 
rate  of  welded  apecimene  at  700^C|  a  —  speclmena  welded  under  conditions  of  rapid 

cooling;  —  under  conditiona  of  alow  cooling, 

>  . 

Ti’ 

Effect  of  heat  treatment.  It  has  been  noted  above  that  the  immunisation  peM.od  of 
walda  is  decraased  considerably  if  tensile  stressee  act  on  the  weld.  We  carried  out 


eonpirativ*  testa  for  tntergnnular  corrosion  on  sii^gl e-veld ed  specimens*  One 

portion  of  the  specimms  was  given  the  usual  oven  treatment  at  650  to  750°C 

vhile  the  other  portion  vas  put  in  a  creep-test  machine  for  treatment  at  the 

same  temperature^  but  under  stress*  The  ends  of  bent  specimens  were  threaded 

for  this  pjnrpose*  These  qpecirans  vere  loaded  in  such  a  vay  that  the  tensile 

2 

stresses  on  the  weld  metal  were  about  12  kg/mm  •  After  exposure  the  welded 
q>eoloens  vere  boiled  for  72  hours  in  a  sulfurio  acid  sblution  of  copper  sulfate* 
It  was  found  that  the  single  welds^ 


vhloh  untoiwaol  tta*  o(»a>imd  action  ot  tenailo  atrMsoa  (olMtie  dtforartlon) 

and  toMparatuxa*  taami  tiwaaeaytliliaa  to  Intargranular  oorroalmi  in  U  houra  at 

700^  and  in  28  houra  at  650°*  The  apeeinena  vhioh  undaxweh^  the  action  of  the 

iA)ove  teaperature  without  atreaa  were  found  auaceptible  to  intergranular  ec:^‘0» 

aion.  The7  heoaoe  iranunlaed  aa  late  aa  Sk  houra  after  the  treatnant  at  700^* 

ttsuMtA  in 

Ifaua  the  preaenoe  of  tenails  atreaaea  ewtaed  a  nearly  aiae-4iaw»i#Baaw»'didtftaiian^ 


Fig*  97*  Liquation  aone  (a),  localised  intergranular  oosroaion  in  the 
fane  of  a  aharp  out  (b)  along  the  longitudinal  axia  of  the  weld  with  a 
aladc  sone#  and  knife<-litao  oorroaion  along  the  fusion  line* 

Metallc^^iaphie  and  Z-rajr  atructural  touts  showed  that  tha  eoaddned  action 
of  tensile  atreaaea  and  the  critical  teigierature  results  in  an  intansiTS  deoon- 
poaition  of  austenite  and  the  foneation  of  seoondarx  ferrita*  .  In  our  teatf  tha 


wttld  in  the  as-welded  condition  contained  5  to  10^  priioaiy  ferrite  (  S -phase). 
Upon  a  2-hour  soaking  at  700^C  and  the  action  of  tensile  stresses  (11.1  kg/mm^) 
about  $0S(  secondary  ferrite  (  OC  -phase)  was  found  in  the  weld,  idiUe  after 
a  It-hour  heating  it  cllnibed  as  high  as  to  about  70^.  This  is  apparently 
\diat  accounts  for  the  intensified  diffusion  of  chromium  and  reduction  of 

Quenching  of  welds  from  high  ten|)erature8  is  knovn  to  eliminate  the 
8uacq>tibiliti]r  to  corrosim,  yet  it  has  no  practical  application  in  the 
production  of  welded  structures.  The  applicatioi  of  local  heat  treatment  of 
welds,  i*  e.j  local  q^enchingf  if  fundaaentaUy  realisable  but  still  rare  in 
practice.  For  local  beating  of  welds  of  finished  objects  to  the  quenching 
teo^>erature,  high-frequency  currents  or  acelylene-oxygen  torch  may  be  used. 

The  application  of  local  austmitising  (hardening)  may  cause  considerable 
stresses  in  the  structure. 

The  above-mentioned  peculiar  properties  of  thetaatttnitiC'i'fetTitio 
structure  of  a  cast  weld  metal  make  it  possible  to  effectively  replace 
quenching  from  high  tenqjeratures  by  quenching  from  lower  temperatures.  A  lower 
tenperature  of  quenching  is  hi^ily  desirable,  since  it  siaplifles  the  heat 
treatment  of  welded  sUyotures,  eliminates  the  danger  of  Iniokling  and  de- 


fonutlon,  r«dae«8  sealing  and  relieves  internal  strese* 

The  foUoeing  tests  were  oarried  out*  Single-weldad  speoinens  ware 
quenohad  in  water  at  6l$0,  70Q,  h'SOf  9$Of  IQ^O  and  11^%  and  than  hsated 
for  2  hoars  at  a  dangeroua  taagwratura  (65Do)«  The  results  of  the  sabsaquenb 
handing  taste,  after  a  72<4iour  boiling  la  a  sulfurio-aoid  solution  of  eopper  sulfite 
are  given  in  Table  li7«  The  tisM  of  heating  to  quanohing  tenparature  varied  from 
30  almtes  to  2  hours* 


TABLE  U7*  Ooetirrenoe  of  Intergranolar  eerrosloo  after  quenching,  tenuring 
at  6lSO^p  and  boiling  of  waldad  spaolasns  in  sulfurle-acid  solution 
of  oopper  sulfate  for  72  hours 

. . . * . . . f . . . . . . ..■..■I  1...  ...«  i-yi....... . 

Quenching  teaqiarature  in  °C 


6$0  700  850  9^0  1050  1150 


The  data  obtained  reveal  a  positive  effeot  of  quanohing  frcn  reduced  tempe- 


raturee  on  the  oorrosioa  reslstanoa  of  welds*  Tha7  show  that  when  it  eonoams 
velds,  qoenohing  tenparature  nij  be  rednoed  to  800i*900^* 


Basioally,  gnsnching  tram  redaoed  tenperatures  is  superior  to  usual  auste¬ 


nite  qaenchlag  in  teat  tbs  mUi  after  suoh  thetenl  prooessing 


to  intergronnlar  oorrosioa  even 


hecerwitS 


dangerous  tenperatures* 


We  find  that  upon  tenuring  at  6$(fi  the  failure  caused  by  Intergranular 


corrosion  in  weldsy  quenched  from  1150  C/  is  in  no  vay  less  than  in  welds  not 


quenched  before  tempering.  Horeover^  it  nay  be  supposed  that  welds/  quenched 
at  have  become  more  susceptible  to  dangerous  tenperatures  than  those 

tempered  at  6$CP  without  previous  quenching*  i\iring  heating  at  2150°,  there 
occur  in  the  welds  in  equalisation  of  the  concentratioi  of  ferrite-forming 
ijqpurities  and  a  transfcmation,  due  to  the  diffusion  taking  place 

there.  Water  quenching  secures  the  single-phase  austenitic  structure*  There 
is  no  transfonnatl<»i  during  heating  of  welds  at  8^0^,  but  only  a 


moderate  ferrite  coagulation,  along  with  the  most  complete  precipitation  of  the 


excess  phase;  the  chromium  lost  by  the  austenite 


is  replenjl 


shed  through  the 


diffusion  of  chr<»Biun  from  ferrite  and  from  the  interior  of  austenite  grains. 


Water  qumching  secures  in  this  case  the  two-phase  austenitic-ferritic 


structure.  Under  the  ensuing  action  of  critical  tenperatures,  t^tw  exc'^ss 
phase  of  a  weld  quenched  Aron  1150^  will  precipitate  following  the  pattern 


shown  in  ^ig.  9Ua.  There  is  usually  no  more  preoipltatloa  of  the  excess  phase 


after  tenqwrlng  at  in  a  weld  pre-hardened  at  low  tenperature  (850-900°). 


«t  all,  a  tanparing  at  6$0^  will  raaolt  in  tha  aaparatlon  of  tha  axeaaa  phasa 
foUoidnc  tha  pattarn  in  Pig.  9U,  h.  As  aarliar  noted,  aaoh  aalda  will  ba  aora 
eorroaion-raaiatant. 

Special  testa  with  autonatie  velds  conlimed  the  aceoraegr  of  tha  suppositions 
set  forth  abors  (Fig.  98). 

N.  Id.  Pal'ohuk  proved  that  stainless  manual  welds,  quenched  at  high  temperature, 
become  more  susceptible  to  intergranular  corrosion  at  dangerous  tesqperatures  than  those 
not  quenched  before  teapering.  He  aug^sts  the  following  e:q>lanation  of  the  negative 
effect  of  heating  after  quenching.  During  the  process  of  crystal. 


Fig.  98.  The  effect  of  hardening  on  the  resistance  to  intergranular 
corrosion  in  inatanoes  of  subsequent  quenchingt 

a)  wdid,  subjected  to  hardening}  b)  veld,  not  subjected  to  hardening 

following  welding. 


lisation  of  *  there  oeeure  nleroeeopie  oarbon  liquation.  Coiqilex  earbidea 


are  formed  in  a^arate  oarbon-enrlohed  regiona  during  the  cooling  of  the  veld. 
Conaequmtljry  the  amount  of  oarbon^  iddeh  ia  oapable  of  forming  earbidea  under 
the  enauing  action  of  critical  tea^peraturea,  deoreaaea.  All  the  carbon  le  con> 
verted  into  a  aolid  aolution  bgr  quenching.  At  dangerous  teiq>erature8,  the  pre¬ 
cipitation  of  earbidea  la  furthered  on  account  of  the  Inereaaing  concentration  of 
oarbon  in  the  aolid  aolution.  Aa  a  reault^  the  critical  tine  of  the  hardened  veld 

(T  in  Fig.  91»  a)  falla  belov  T  of  the  weld  in  the  natural  atate  /98/. 

1  1 

lbq)erlment8  ahowed  that  rapid  cooling  of  welda  in  water  la  unnecessary 
after  heating  at  850^ .  Poaltive  effect  ia  reached  with  cooling  in  air  as  v^. 
Such  heat- treatment  of  welds  has  the  nature  of  a  diffusion  process.  It  ia  called 
immunisation  heat-treatawnt  or  "stabilising  annealing"  /7l/  and  ia  rather  widely 
used  in  practice. 

The  following  facta  prove  the  positive  effect  of  atabilieing  annealing  on 
the  oorroaion  realstance  of  welded  Jointa  made  of  austenitic  steels. 

Butt  welds  of  lXhl8N9T  steel  pipes  at  an  oil  refinery  were  deteriorating 
in  the  vicinity  of  the  weld  because  of  intergranular  corrosion. (Fig.  99)» 
Stabilising  annealing  oould  eliminate  such  annoyanoea.  Apparently^  in  the 


giran  liiat«ne«|  it  vm  also  quita  slgnilleant  that  the  Internal  atreaees  were 


idladjMted  m  a  remit  of  heat  treataent*  These  internal  stresses  contribute  to 
the  developaent  of  the  so-called  corrosion  under  stress. 


Analogous  facts  are  also  known  abroad*  Pipes  of  AISI-3l6>t7pe  steel  contain¬ 
ing  0*1D{  C,  16*0J(  or|  1^,62%  Vi,  2,9$%  Ho  failed  due  to  Intergranular  corrosion 
after  SOyOOO  hours  in  a  phenol  medium  at  7U0‘  F  (liOO*  C).  In  order  to  salvage  some 
pipes  which  escaped  failxire  thsjr  were  subjected  to  heat-treatment  at  870°  C  over  a 
period  of  2h  hours*  After  a  stabilizing  annealing  these  pipes  have  effectively  served 
for  several  tens  of  thousands  of  hours  in  an  even  more  aggressive  medium. 

As  we  know,  the  C  -phase  forms  on  austenltie-ferritlo  welded  Joints  follow¬ 
ing  their  exposure  to  critical  temperatures  for  a  more  or  less  extended  period. 

With  large  quantities  of  ferrite  the  S-^O  transformation  can  even  occur  during 
the  stabilising  annealing  at  850^  C.  The  presence  of  primazy  ferrite  increases  the 
stability  of  the  weld  material  against  Intergranular  corrosion;  but  what  will  happen 
to  the  weld  after  the  8~*C  transformation  has  taken  place? 

Various'  data  are  available  on  the  effect  of  the  ($  -phase  on  the  stability 
of  austenltlc-ferrltio  steels.  For  exanple,  in  reference  /l$2/  it  is  pointed  out 
that  while  the  (5  -phase  can  provoke  a  drop  of  the  over-all  corrosion  resistance 
of  l8-8-^rpe  steels^  in  Intergranular  corrosion  it  is  the  carbides  and  not  the 

0  -phase  that  play  a  predominant  role*  Shirley  /209/  assumes  that  the  effect  of  the 
^  -phase  on  the  corrosion  resistance  depends  on  the  distribution  oharaotezdstics 


of  this  struetural  eonponmt*  m  singlo-iditBO  steels  the  C  -phase  fonu  on 
the  boundaries  of  grains,  thus  leading  to  increased  corrosion*  In  tvo-phase 
steel  the  0-phase  fonns  within  the  ferrite,  and  hence  the  metal  doee  not  become 
pTMie  to  corrosion* 


Fig.  99.  Intergranular  corrosion  destruction  of  lKhl8N9T  steel  in 
heat-treated  weld  region:  a  —  external  view  of  destruction,  b  ~  microstructure 
(300X). 


m  view  of  the  high 
corrosion  resistant,  but 


chromium  and  molybdenum  content,  the  0 -phase  as  such  is 
the  austenite  surrounding  the  0 -phase  is  depleted 


of  these  elements  i^erebgr  It  becomes  sensitive  to  corrosion.  In  19^2  Hoare  pointed 
the 

out  thst^sljpna  phase  someHhat  Increases  the  general  oorro8ivlt7  of  l8«8»3»l-type 
(Cr-m-Ho-Kb)  steels.  lilkewlse«  an  Encash  pig>er  on  welding  austenitic^  stainless 


'iJ. 


.53/ 


and  he*t-r«siataiit  ataala  /227/  strassea  the  fact  that  the  6 -phase  may  have 


a  negative  effect  on  the  corrosion  reaistanee  of  steels  in  certain  medie.  Detailed 

data,  hovevsr,  are  not  given*  On  the  other  hand,  Denaro  and  Hinde  hold  that  the 

eorrosLon  resistance  of  stainless  steils  is  not  negatively  affected  by  the 

<r  -phase*  Stewsrt  and  Turben  maintain,  on  the  contrary,  that  the  d  -phase 

enhances  intergranular  corrosion  of  18-6  steels  with  Ti  and  A1  in  boiling  6$% 

nitric  add*  Aluminum  calls  forth  the  formation  of  O-phase  not  only  S -ferrite 

but  also  in  austenite  mhere  it  is  found  in  a  solid  solution* 

A*  J*  Lena  /190/  notes  that  the  effect  of  the  6  -phase  on  intergranular 

corrosion  of  18-8  ELC  ultraloia-oarbon  steels  is  noticeable  only  in  tests  by  the 

n 

Quillet  method,  i*e*,  in  boiling  conc^ated  nitric  add*  Tests  made  in  the 
Strauss-HadHeld  reagent  (H  SO  CuSO  )  do  not  show  any  intergranular  corrodon 

2  h  U 

caused  by  the  predpitation  of  the  0  -phase  along  the  grdn  boundaries* 

Our  sjqperiments  have  uneqoirocally  proven  that  the  8-^6  transformation 
does  not  negatively  affect  the  redstanoe  of  welds  on  18-8  steels  to  intw- 

I 

grsnular  oorrosiotu 

I  Ih*  I*  Kassnnov  and  others  of  SIKUIMIASH  (Sdentiilo  Besearch  Institute  of 

■  4  * 

^  • 

Chsmleal  Machinery)  /^C/  found  that  the  formation  of  the  (J  -phase  by  means  of 


h««t  tr««tMnt  at  900  C  laparts  rtsl  stance  to  intergranular  corrosion  of  stable 
austenitle  Kh23N25H303  (£I$33)  ste^e*  Our  tests  have  shovn  that  a  partial 
fomation  of  the  -phase  is  also  usefhl  for  wslds  of  the  aboTs-nentioned  steelB: 
not  only  does  it  prevent  intergranular  eorrosionf  but  it  increases  the  over-all 
corrosion  resistanee  of  welded  joints  in  boiling  sulfhrie  add* 

Mngen  /193/  points  out  in  his  thesis  that  by  naintaining  l8-8  steel  at 
very  low  teaperatares  corrosion  increases  bgr  a  factor  of  2  to  10.  According  to  our 
data,  the  processing  of  autonatie  welds  of  lKhl8lI9T  steel  at  very  low  tes^eratures 

(3’‘hour  iasMTsion  in  liquid  oxygen,  -l83^C)  did  not  affect  their  resistance  to 

p 

Intergranilar  corrosion,  although  the  over-all  chenieal  resistance  in  boiling 
nitric  add  was  soneidiat  decreased  (see  page  253)* 

7«  The  effect  of  strain  hardening  on  the  weld  red  stance  of  austenitle 

steels  to  intergramlar  corrosion. 

It  is  known  that  cold  deformation  of  18-8  austenitie  steels,  iddich  are  not 
titanluiH  or  dobiuiHstafailised,  enhances  their  resistance  to  structural  (inter¬ 
granular)  corroaloiu  As  a  result  of  cold  defonaation,  glide  planes  are  formed 
within  the  austenite  grdns,  and  the  surface  on  uhich  the  excess  phase  can  pre- 


dpltate  increases*  Chromlua 


qureads  to  a  J.arge  volume  of  the  austenite. 
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At  eonstant  earbon  content^  the  rate  of  anatenite  inpoverlahnent  beeonea  leaa 
"daageroua."  In  A73/f  a  very  Inteareating  aaanple  la  shown  of  the  beneficial 


effeot  of  oold  defonnatlon  on  the  reaistanoe  of  stalnleaa  steela  to  Intergramlar 


oorroaion* .  Banda/ cut  with  autoiutie  aheara  £ron  a  2  mn  thick.  l8-8  ateel  aheet 
ffee  of  tltanlun  or  niobiun/^re  kept  for  two  hours  at  700°  and  boiled  for 
150  hoora  in  a  aolutlon  of  aullbrio  add  and  copper  sulfate.  FoUotdng  boilin|[y 
the  entire  inner  part  of  the  bands  was  palTcadted*  Only  the  sheared  borders^ 
subjected  to  strain  hardening  during  the  cutting^  rsnained  intactj  instead  of 
the  plate  only  the  "fraae".  reaained  (Hg.  100). 

Actually,  cold  defomation  has  a  greater  effect  on  velds  than  on  rolled 
steel.  BP^ciiMns  were  pr^ared  Aron  10  wm  thick  18>8  steel  sheets;  these 
qjednena  were  aatonatically  welded  on  both  aides  and  following  shaping  and 
polishing  were  stretched.  %>ediaen8'  residual  elongation  deformation  ranged 
from  U  to  30^.  After  stretching,  the  apecimena  were  heated  for  two  hours 
at  650° f  and  subsequently  boiled  for  72  hours  in  a  sulfuric  solution  of 
.o<^er  sulfate.  Teats  hanre  shown  that  the  wel(!^  after  withstanding  30^  stretching, 
is  absolutely  insensitiTe  to  the'  action  of  "dangerous"  tenperatures.  As  Indicated 
in  Chapter  3»  cold  hardening  of  welds  leads  to  the  appearance  of  secondary  ferrite 
idiicb  precipitates  near  the  primary  ferrite  regions  (see  Fig.  h9)»  With  the  increase 
in  the  ferrite  content,  the  difftialon  rate  drastioiOly  increases  under  the  effect 
of  critical  temperatures,  and  the  ohrosdum  imporerlshment  in  austenite  is  eliminated 

0/ 


within  a  ainlHUi  aaoont  of  tino*  In  this  ooimootlon  It  thould  bo  notod  that  tho 


loooor  the  ferrite  content  in  the  veld  the  slighter  is  the  positiTe  effect  of 
plastic  deformation. 


Fig.  100.  The  effect  of  cold  hardening  on  the  corrosion  resistance 
of  18>8  rolled  steel  (Oudremon  and  Schafneister). 

8.  Knife-Line  Corrosion  in  Welded  Joints  of  ChromLiu»»llickel  Austenitie  Stede. 

As  far  as  we  know,  knife-line  corrosion  was  first  mentioned  in  19$0  to  19$2 
A71»>  208/.  At  the  UnlTersity  of  OhlOf  a  boiler  made  of  18-8  steal  omitainiag 
niobium  was  Inrestlgated}  it  had  been  rendered  vaserTicedble  bj  knife-line 


corrosion.  In  Eni^snd,  knifo^Une  corrosion  pat  out  of  serrioe  a  large  welded 


tank  for  oonoontrated  nitric  acid  nade  of  18-8  atee  with  titaidLun  (Fig.  Id,  a,  b). 
In  19$2,  together  with  N«  A*  Langer  we  pabliahed  the  firat  data  available  in 
the  Soviet  literature  on  kiiif»-llne  eorroaion  of  lKhl8N9T  eteel  apeeimena*  At  the 


glve^< 


aaM  time  aaauB|>tiona  vera  glvenregarding  the  oauaea  of  thia  phenomenon  and  the 


meana  to  eUmLnate  them.  At  the  end  of  19A,  M.  M.  Kurtepov  /hS/  publiahed  a 


pipw  on  knlfe-llM  odrroaion  of  voided  18«8  steel  speeimons  in  03ddlsin||  nedia* 


In  19$$,  Yu.  I.  KssennoT  /3I4/  desorlbod  knife-line  attack  in  welded  Joints  of 
18-8  steel  ude  by  nanual  are-welding. 


Fig*  101.  Knife-line  corrosion  of  welded  Joints: 
a,  b  —  a  tank  of  I8-8  sted.  with  titaniun,  in  England  /208/; 
e  —  butt  Joint  of  lKhl8N9T  steOl}  d  —  eane  of  Khl8N12M2T  steel. 


f3g 


At  the  present  time,  on  the  heels  of  dete  obtained  at  the  Institute  of 
Are  Welding  between  19$0  and  1958^  it  is  possible  to  study  the  conditions 

and  oauses  provoking  knife-line  corrosion  in  welded  l8-8  steel  Joints  and  also 

to  indioate  the  aeana  for  preventing  this  dangerous  phenomenon  % 

Knife-lins  oorrosion  on  the  boundary  between  weld  axid  base  netal  was 

first  diseovered  by  us  in  the  course  of  tests  for  Intergranolar  corrosion  of 

autcnatioally  eelded  joints  of  lXhl8H9T  and  KhlSNUB  stedls*  The  spednens 

were  boiled  in  a  sulfirlo  solution  of  oopper  sulfate  and  in  a  nitric  solution 

of  aodlua  fluoride*  The  eost  typical  specimens  are  shown  in  Fig*  89>  e>  add 

in  Fig*  97>  b*  A  elaLlar  phenomenon  was  dLsoovered  during  tests  on  the  over^ 

all  ohemioal  nsistanoe  of  welded  Jcdints  made  with  repeated  and  prolonged 

boiling  in  and  nitric  acid*  A  cross  section  of  these  specimens  is 


r  ^ 


in  Fig*  lOlf  o* 

It  ii  knoMu  that  boiling  in  eoneentrated  nitric  add  is  one  of  the  nethods 
for  detaeting  intergranular  corrosion  of  stainless  steels.  Hence  the  assun^tion 
that  knife-line  corrosion  is  a  rariety  of  the  structural,  l.e.,  intergranular, 
corrosion.  Subaequient  studies  have  confirmed  this  assuiQ>tion,  as  vlll  be  ^tovn 
hereafter. 

Numerous  e:q;>eriBMnts  have  shown  that  if  tested  in  the  natural  state, 
i.e.,  without  any  heat-treatiMnt  after  welding^  the  welded  Joints  with  single 
pass  ono-elded  autoaatio  welds  seldcua  show  knife-line  corrosion.  It  can  occur. 


rrtsene*  »f  Kmfe~line  e$rrosfon  n» 

Us 


Fig.  102.  Knife-line  corrosion  of  welded  specimens 
with  two-aided  welds  depending  on  the  aise  of  the  weld. 


however,  if  before  the  corrosion  tests,  these  ooaipounds  were  exposed  to  a  more  or 
less  prolonged  action  of  so-oalled  "dangerous”  teaq}eratures,  for  exanple  650^0 
or  in  the  case  of  welding  thin  metal  plates  idien  the  cooling  rate  of  the  weld  area 
is  x^atively  low* 

.  Whereas  in  spedmans  ultih  two-tided  single  pass  welds  (Fig.  102)  knife-line 


corrosion,  as  a  rule,  does  not  affect  the  base  metal  on  the  side  of  the  second  veld. 
It  can  be  detected  on  the  boundary  of  veld  1  (Fig*  102).  However,  If  before  being 
exposed  to  the  action  of  an  aggressive  medium  the  specimen  Is  tendered  for  two 
hours  at  6^0^,  knlfe-Une  corrosion  can  also  occur  near  veld  2. 

The  presence  or  absence  of  knlfe-llne  corrosion  near  veld  1  is  determined  by 
the  welding  conditions  and  the  shape  of  both  velds,  all  other  conditions  being 
equal.  If  veld  1  Is  narrow  and  the  penetration  of  veld  2  is  sufficiently  deep  (Fig. 
102,  a),  knife>llm  corrosion,  as  a  rule,  will  not  appear  on  the  side  of  weld -I. 
However,  under  the  sane  e3q)erlfflental  conditions,  knife-line  corrosion  can  be  detected 
If  veld  1  Is  vide  (Fig.  102,  B).  An  analogous  phenomenon  occurs  in  those  cases  where 
veld  1  Is  narrow  and  the  penetration  of  veld  2  Is  comparatively  shallow  (Fig.  102,  c). 
On  the  other  hand,  there  will  be  no  knlfe-Une  corrosion  if  weld  1  is  vide  and  the 
penetration  depth  of  veld  2  Is  small  (Fig.  102,  d).  In  other  words,  knife-Une 
corrosion  can  only  occur  If  during  the  welding  of  weld  2  portions  of  the  base 
metal  directly  adjacent  to  weld  1  are  exposed  to  the  action  of  "dangerous” 


temperatures. 


Knife-line  corrosion,  however,  does  not  only  occur  In  such  oxidizing  media  as 


nitric  acid*  Since  this  type  of  failure  by  corrosion  is  observed  in  the  Strauss- 


Hadfleld  reagent  (10^  H  SO  10^  CuSO  ),  we  could  also  esqpect  it  to  appear  after 

2  U  U 

processing  specimens  in.  boiling  non-oxidizing  media,  such  as  sulfuric  acid* 


Fig.  103.  Knife-line  corrosion  as  a  variety  of  lntergranul£u*  corrosion: 
a-  welded  joint  of  lKhl8N9T-type  steel  after  boiling  2$0  hrs  in  nitric  acid  (130  X) 
F  -  same,  weld  with  austenitic  structure  (200  X)>  £  **  same,  weld  with  austenitic- 
7errltic  structure  (130  X).  ” 


Experiments  have  confirmed  this  assumption*  In  fact^  In  a  sulfuric  medium 
intensive  knife-line  corrosion  affects  not  only  lKhldN9T-  and  KhlSNUB-type 
steels,  but  also  Gr-Nl-MoTl  Khl8N12M2T-'type  steels  having  an  elevated 
cliemical  resistance  in  this  reagent* 

As  previously  mentioned,  metallographic  investigations  have  shown  that 
knife-line  corrosion  is  of  an  Intergranular  nature  (Fig.  103)*  ^  deeply 
penetrating  into  the  base  metal  the  aggressive  liquid  first  affects  a  very 
narrow  strip  of  metal  (not  wider  than  3  to  5  grains)  immediately  adjacent  to 
the  veld*  Then,  the  front  of  knife-line  corrosior.  somewhat  widens  as  the 
intergranular  layers  are  progressively  destroyed,  ne  bond  between  the  grains 

is  disrupted  and  the  grains  are  washed  out*  However,  the  width  of  this  front 

r 

never  exceeded  1  to  1*5  nm  in  any  of  the  many  dozois  of  q}ecijaens  investigated 
by  us* 


I 


(5012)  238 


Owing  to  eonoentration,  tho  oorroslon  proeees  Is  disastrously  accelerated* 

Xn  one  case  it  proceeded  at  such  rate  that  after  2U  hotubs  of  boiling  in  a  6^ 
solution  of  H  SO  a  welded  eepcimen^  10  mn  thiok^  aLnost  ooii9)letely  failed  in  its 

2  U 

entire  thleknesst  in  2li  hours  the  reagent  had  penetrated  into  the  stainless  steel 
to  a  depth  of  apprCadnately  6  m  (Fig*  lOl,  d),  idiich  corresponds  to  an  uz^recedented 
rate  of  eorrosiony  ris*,  over  2  ka  par  year*  This^  and  many  other  exan^les, 
clearly  indicate  that  knife-line  corrosion  is  one  of  the  most  alaming  forms  of 
failure  in  stainless  steels* 

The  development  of  kni^line  corrosion  is  closely  related  to  the  stznieture  of  the 
adjoining  sections  of  the  veld  and  the  base  netal*  In  pseeinens  with  purely  austen¬ 
itic  velds  knife-line  corrosion  of  the  base  netal  is  followed  hy  a  fairly  noHceable 
failure  of  the  adjacent  welded  Joint  (Fig*  103,  b)*  m  austenitic-ferritic  weld 
specimens  (Plg*  103,  ^  o)  there  is  no  failure  of  the  weld  metal  proper*  In  this 
connection  it  must  be  stressed  that  knife-line  corrosion  depends  only  to  a  negli¬ 
gible  degree  on  the  sise  of  the  steel  grains  in  the  affected  ai^a*  Indeed,  it 
can  equally  develop  in  fine-grained  and  in  coarse-grained  austenitic  steels* 

An  analysis  of  the  conditions  producing  knife-line  corrosion  permits  of  the 
indisputable  oonolusion  that  this  kind  of  failure  can  affect  tiiose  portions  of 
stainless  steel  idiich  were  first  subjected  to  heating  at  temperatures  olose  to  the 


malting  point  and  subsequently  e]q>osod  to  a  more  or  less  prolonged  action  of  so- 
oallsd  "dangerous"  temperatures  (for  exanplej  6^0^  )• 

Let  us  now  establish  what  happens  to  18-8  steels  stabilized  with  titanium  or 
niobium  *  tantalum  after  a  heat  treatoent  of  this  kind*  In  the  final  state*  1«  e** 
after  q[uenehlng  for  austenite  from  temperatures  ranging  between  1050  and  UOO^C*  at 
room  tesperature  these  steels  usaally*  possess  an  austenitic  structure  or,  depending 
on  their  cheadoal  eonposition*  sometimes  also  an  austenltlc-ferritio  structure  with 
a  flow-line  distribution  of  the  ferritlo  eonponent  (ef*  i^g.  6*  b).  Carbon  is  partly 
found  in  a  solid  solution  (up  to  0*02-0*03$)*  its  bulk  (above  0*02-0*03^)  being 
combined  in  titanium  or  niobium  and  tantalum  carbides  evenly  distributed  in  the 
austenite  where*  as  a  role*  some  small  quantities  of  T1  and  Nb  Ta  are  also  found 
in  a  solid  solution*  If  this  steel  is  heated  for  1  lo  2  hours  at  600-700^C*  its  over¬ 
all  corrosion  resistance  could  sharply  drop  by  a  factor  of  ten  and  more(cf«  page  2^0)* 
but  Intergranular  corrosion  will  not  appear  since  there  is  no  chromium  Inpoverlshnent 
of  the  austenite  grain  boundaries*  (It  should  be  noted  that  the  causes  for  the  drop 
in  the  over-all  corrosion  resistance  of  stabilised  steels  subjected  to  tenpering 
have  not  been  sufficiently  studied  as  yet.) 


During  heating  of  atabllised  steels  at  high  temperatures  (above  13CX)°C)i  the 


the 


tltanlisn  and  niobium  tantalum  carbides  begin  to  dissolve*  Carboni  becoming  fz^e 
of  these  elemental  penetrates  the  austenite  latticei  while  titanium  and  niobium  -t- tantalum 
occupy  the  lattice  vacancies* 

Diffusion  nrocesses  are  sharply  accelerated  with  rising  temperatures*  Hence  carbon 

atoms,  -with  ui,-  imoomparably  greater  mobility  than  titanium  or  niobium  atoms,  leave  the 

inner  regions  of  austenite  grains,  where  they  had  been  located  earlier  in  the  fem  of 

Ti  and  Nb-fTa  caxbidea,  rapidly  escape  toward  the  peripheries  of  these  grains,  while 

remaining,  of  course,  within  the  interstitial  solid  solution*  This  is  probably  enhanced 

by  the  horqphile  property  of  carbon  with  regard  to  chromium-nickel  austenite  /8/* 

Sapid  cooling  of  steel  heated  to  temperatures  abpve  the  solubility  point  of  carbides,  Uill  fix 

austenitic  strvu:ture4did9iiaBaBBaBB*ltdei8jSsBk«  austenite  thus  obtained  contains  sta- 

i  ^bstitute./ 

bilizing  elements  (Ti,  Nb  f  Ta)  in  tKVi^id  solution,  mainly  within  the  grains*  Ihe  auste¬ 
nite  is  distinguished  by  a  higher  earben  concebtration  on  the  grain  boundaries,  the  carbon 


being  found  in  a  aupereaturated  solid  sbluticn*  During  subsequent  tempezdng  -  (heating  at 
650  to  700°C),  the  first  carbon  atoms  precipitating  from  the  solid  solution  alcsig  the 
boundaries  of  austenite  mbIv-wIII  capture  all  the  titanium  atoms  In  the  boundary  layers, 
and-iagiMiSP  fom  titanium  carbides*  The  new  carbon  atoms,  however,  diffusing  from  the 
inner  regions  of  austenite  grains  toward  the  perlpherlas,  will  not  find 


ft  suffielant  quantity  of  titaniim  atoms*  Hence,  there  wHl  be  chromium  carbides 

rather  than  titanium  carbides  forming  on  the  grain  boundaries*  This  is  due  to  the 

fact  that  carbon  diffuses  much  faster  in  austenite  than  chromium,  the  diffusion  rate 

of  the  latter  being  higher  than  that  of  titanium*  Hence,  18>8  steels  containing  titanium 

may  become  prone  to  intergranular  corrosion*  Monypenny  A92/  gires  the  foUovlng 

r 

example*  Steel  quenched  from  1050  to  UOO^C  withstands  the  ensuing  30-minutes 

heat  treatment  at  6$0^C  without  becoming  susceptible  to  intergranular  corrosion* 

The  sama  steel  quenched  from  12$0°C  becomes  susceptible  to  intergranular  corrosion 

after  a  ^-minute  exposure  to  6^0°*  Horley's  paper  contains  the  same  data*  According 

to  N*  S*  Alferova  and  L*  P*  Shchesno  /$/  superheating  brings  about  intergranular 

corrosion  in  lKhl8N9T-type  steels*  Brown  has  found  that  by  raising  the  quenching 

temperature  of  18-8  steels  containing  titanium  to  1200%  and  higher,  intergranular 

corrosion  appears  after  :tempering  at  650*’*  It  can  be  prevented  by  raising  the 

Ti  Ti 

titanium  content  to  fulfill  the  condition  ——^18  rather  than  ——^6,  the 

C  C 

latter  being  esaential  for  steels  quenched  from  tenperatxuTes  of  not  more  than  1100%* 
Mangen  A93A  too,  streaaes  that  an  increase  in  the  queiwhing  teinperatures  from 
1050  to  llSO^C  vUl  intensify’  intergranular  corrosion* 

According  to  M*  I*  Vinograd's  data,  18-8  steels  oontaining  Ti  or  Nb  Ta 


quenched  trm  1300^0  become  affected  bj  Intergranular  corrosion  only  after 
tempering  at  6500cO 

The  aboreodeserlbed  pattern  of  transformation  of  stabilized  steel  (l«e«, 
resistant  to  intergranular  corrosion)  into  corrodible  steel  explains  the  causes 
for  knife-line  oorroslona  Tet«  there  is  no  explanation  for  the  fact  that  notall 
welded  Joints  are  attacked  by  it,  although  in  many,  if  not  in  all,  oases  the 
teoqperature  conditions  are  those  required  for  knife-line  corrosion.  This  may  be 
attributed  to  the  different  composition  and  structure  of  the  steel  in  question. 

If  the  titanium  and  niobium  *  tantalum  content  of  steel  exceeds  that  required 
to  bind  carbon  into  carbides,  or  if  the  carbon  content  is  low,  knife-life  corrosion 
may  not  occur.  In  this  case,  the  atoms  of  the  stabUizln^lements  found  in  a  solid 
solution  near  the  grain  boxmdarles  of  austenite,  during  tempering  combine  all  the 
carbon  precipitating  from  the  solid  solution  in  the  superheated  section  of  the  weld 

area  into  carbides,  thus  preventing  the  chrmnlum  depletion  of  austenite. 

(■ 

References  fYik  ,  206/  point  out  that  steels  with  an  increased  T1  and  Nb  Ta 
content  are  affected  by  knife-line  corrosion  only  to  a  ne^ible  degree. 

* 


Private  oonnanloation. 


Our  tests  show  that  two-phase  steels  with  a  flow-line  distribution  of  the 
primary  fairite  are  more  resistant  to  knife-lino  corrosion  Ihan  single-phase 


Fig.  lOli.  Di-^.gram  of  the  development  of  knife-line  corrosion 
in  austenitic  and  austenitic-ferritic  steel. 

austenitic  steels.  In  the  fonner  case,  the  ferrite  strips  present  an  obstacle  which 
is  hard  to  overcome  by  the  aggressive  reagent  on  its  way  deep  intc  the  steel  (Fig.  lOh) 
Above,  we  examined  the  main  cause  of  knife-line  corrosion,  i.e.,  the  dissolution 

of  Tl  and  Kb  carbides  and  the  subsequent  foraation  of  chromium  carbides.  There  are. 
however,  a  number  of  other  factors  which  play  a  part  in  making  steel  susceptible  to 

knife-line  corrosion.  Among  them  aret  an  increase  in  the  Intscgranular  inhomogeneity 


of  austenite  In  the  area  immedlately^adjecent  to  the  veld,  and  the  diffusion 
of  carbon  and  other  elements  from  the  steel  into  the  veld  pool. 

It  has  recently  been  established  that  in  spite  of  short-enduring  high-tempe¬ 
rature  heating  of  the  veld  region,  arc  velding  could  produce  caxbon  diffusion 


trcm  the  steel  into  the  weld  pool  during  its  ciystallization.  Henoe  one  can  easily 
assume  that  carbon  diffusion  from  the  weld  area  into  the  weld,  for  exanple,  in  the 
case  of  welding  iS-S-type  steels  with  extra-low^rarbon  steel  electrodes,  can  prevent 
knife«llne  corrosion*  Conversely,  a  faster  diffusion  of  titanium,  and  niobium  +  tan¬ 
talum  from  the  steel  into  the  weld,  made  possible  by  an  equal  carbon  concentration  in 
the  steel  and  in  the  pool,  may  promote  the  form^lon  of  knife-line  corrosion* 

It  follows  fX^m  what  has  been  said  above  that  the  following  measures  for  prevent¬ 
ing  knife-line  corrosion  nay  prove  of  some  uset  1)  averting  the  precipitation  of  chromi¬ 
um  carbides  and  theochroodum  Inpoverishment  of  the  austenite  grain  boundaries,  and 
2}  elimination  of  chromium  inpoverishment  of  the  austenite* 

In  order  to  prevent  the  chromium  carbides  from  precipitating  in  the  superheated 
weld  section  it  is  necessary  t 

a)  to  raise  the  Ti  and  Nb  content  of  steel  above  the  limits  set  by  Formulas 
(2)  and  (3).  We  mentioned  above  that  many  researchers  have  of  late  been  advancing 
this  requirement  for  obtaining  a  reliable  means  for  preventing  ordinary  inter¬ 
granular  corrosion  in  these  steels} 

b)  to  use  two-phase  steels  with  an  austenitic-ferritic  structure*  Unfortunately 
this  recommendation  cannot  be  ^^lied  in  the  ease  of  l8-8  steels  in  non-oxidizing 
media,  since  here  the  presence  of  the  ferritic  coniponent  engenders  an  abrupt  drop  in 


the  07er>«Il  eorroeion  resistance  of  steels  (see  page  2h6); 


o)  to  aiq>loy’  such  v^dlng  roglmes  and  techniques  as  to  prevent  the  portions  of 
the  veld  section  facing  the  aggressive  asdlum  from  coming  vLthln  the  range  of  action 
of  tile  orltloal  temperatores  during  the  welding  of  weld  02  (see  Fig.  102); 
d)  to  use  steels  with  a  ndnlraum  carbon  content. 

If  precipitation  of  chromium  carbides  In  the  above-mentioned  area  cannot  be  pre¬ 
vented,  .appropriate  measures  should  be  taken  to  ellndnate  chromium  depletion  of  the 

caused 

austenite  grain  boundariesAF  precipitation.  Oitireljr  reliable  results  in  this 
respect  are  obtained  b7  a  stabilising  anneal  of  the  welded  Joint  (heating  for  2  or  3 
hours  at  8^0-900^,  and  subsequent  cooling  In  air.  This  heat  treatment  of  18-8  steels 
containing  titanium  of  niobium  leads  to  a  stabilisation  of  the  carbides  of  these  ele¬ 
ments.  According  to  M.  B.  Shapiro  and  0.  L.  Shvarts,  the  most  cocsplets  combination  of 
carbon  Into  titanium  carbides  occurs  after  heating  lIQildN9T-t7pe  steels  at  8$0  to  900°, 
It  during  quenching  from  100  to  ll50fc  ^he  tltaxilisa  content  of  the  carbides  Is  only 
0.l5^«  then  after  quenohlng  from  these  i  enq>erature8  a  maximum  titanium  content  (in  the 
given  case,  0,00^)  will  be  detected  in  '  he  carbides. 

Owing  to  the  fact  that  knife-line  ( orrosion  in  weldments  of  ld-8  steels  containing 
titanium  is  becoming  more  fkxpient,  speoi  il  investigations  were  luidez'taken  in  England 


for  finding  means  to  prevent  this  phenomenon*  In  a  paper  published  in  1956 


Heeley  and  Little  /i79/  *  radical  measure  against  knife-line 

corrosion  is  rigid  limitation  of  the  carbon  content  (not  to  exceed  0.06^) 
in  l8-8  steels  containing  titanium*  Such  a  measure  would  also  prove  useful 
from  the  viewpoint  of  Increasing  the  over-all  corrosion  resistance  of  steels 


and  welded  Jointe.  These  authors  maintain  that  a  stabilizing  annealing  prior 
to  welding  will  not  prevent  knife-line  corrosion  if  Ti/C^?.?,  but  may  prove 

helpful  if  Ti/C  >  7. 

9»  Resistanc*  of  Welded  Joints  of  Austenitic  Steels  to  Over-all  Corrosion 
Oxidizing  and  Non-Oxidizing  Liquid  Media ♦ 

It  is  known  that  equipmant  made  of  acidproof  chromium-nickel  austenitic  steel 
is  used  in  many  branches  of  industzy.  It  is  doing  service  in  various  aggressive 
media.  Diersforei  the  behavior  of  a  welded  stadnless  steel  Joint  in  any  one  medium 
cannot,  strictly  peaking,  characterize  the  resistance  of  this  Joint  under  some 
other  service  condition.  Hence  the  results  of  any  lab  oratory- type  tests  on  over-all 
corrosion,  regardless  of  the  aggressive  medium  employed,  are  always  sometdiat  hypo- 
thetical.  For  this  reason,  considerable  attention  has  lately  been  paid  to  corrosion 
tests  made  under  working  conditions.  Judging  from  literature,  it  seems  to 

happen  frequently  that  fpeolnent  vibLoh  did  not  withstand  laboratory  tests  displayed 
excellent  behavior  under  actual  service  oonditiona.  Incidentally,  analcgous  data 
are  also  available  for  resistance  of  waftdmente  to  intergranular  corrosion  /2lV* 
Kevertheless,  laboratory-type  teste  for  over-all  corrosion  are  indispensable,  since 

they  allow  to  make  at  least  a  relative  evaluatitn  of  the  quality  of  weldments. 

At  present,  there  is  no  standardised  research  procedure  for  testing  the  over- 


! 


chromiun-ni ckel 

all  ehemleal  raalatanoe  of  weldjoents  of  JSSifSr  auatenltic/steels.  The  moat  common  re- 
saareh  method  le  treating  epeoimena  In  boiling  nitric  acid  of  different  concentrations^ 
vherebgr  the  corrosion  resistance  can  be  detemined  from  the  loss  in  weight  resulting 
ftom  several  boiling  oyoles,  each  cycle  lasting  for  2ii  to  U8  hours*  The  size  of  the 
welded  specimens  has  a  considerable  bearing  on  the  results  of  these  tests*  In  labo¬ 
ratory  oonditlons  tests  with  large  specimens  are  difficult  to  perform*  As  a  rulot 

their  size  has  to  be  considerably  reduced*  HowevsTf  the  velds  will  display  a  different 

steel-to-weld  surface  . 

beharior  in  one  and  the  same  aggressive  medium  with  a  different 

ratio  if  under  actual  eervloe  conditions  the  weld  will  serve  as  an  anode  with  respect 

as  high  as  possible* 

to  the  base  metal*  Hence  it  is  desirable  that  this  ratio  be  msKimiilz 

According  to  OOST  5272-50  "Corrosion  of  metals^  terminology’",  the  extent  of  cor- 

in  unit  time  \2/ 

rosion  is  usually  determined  by  the  specific  weight  loss  stabBSpcaxtixisaxzEht  (g/m^  hour). 

usually  detemined 

Abroad,  the  extent  of  oorroeion  is  awsti'isi>aid  hy  the  thinning  rate  of  the  material 


(nm/year)»  As  mehtioned.  the  results  of  determining  the  absolute  loss  In  weight  of  the 

In  both  cases 

speolmen  after  boiling  were/taken  as  initial  data* 

The  method  of  evaluating  the  corrosion  resistance  of  welded  Joints  by  the  over¬ 
all  loss  in  weight  does  not  take  account  of  a  possible  local  concentration  of  corrosion 
on  the  weld  or  ^n  the  adjoining  area*  Hence  it  would  be  desirable  to  apply  the  method 
of  meastiring  the  penetration  depth  of  corrosion,  developed  some  time  ago  by  D.  M. 


Rabkin  and  othen  at  the  Institute  of  Heetrleal  Welding,  to  welded  Joints  of  carbon 

profile  of  the 

and  low-allcy  steels.  This  atethod  requires  a  basis  for  measuring  the  metal  surface  . 

1^  / 


idiich  varies  after  each  series  of  tests.  The  boiling  nitric  or  sulfuric  acid 


used  for  corrosion  tests  of  stainless  steels  is  so  aggressive  that  the  formation  of 

* 

absolutely  acidproof  measuring  bases  Sjgiancanaa  a  highly  complex  task  *  Owing  to  this, 
the  method  of  determining  the  corrosion  resistance  of  welded  Joints  of  austenitic 
steels  by  weighing  remains,  for  the  time  being,  the  only  reliable  one*  In  the  experi¬ 
ments  effected  by  us  together  with  N.  A.  Langer  we  also  made  use  of  visual  inspectionji 

in 

and  qualitative  evaluation^  of  the  corrosion  intensity  mf  ite  various  sections  of 


-fL  section  of  the  weld  area  heated  during  the  welding  process  to  tenqperatores  up  to 
10^X10^^  and  not  subjected  to  the  subsequent  action  of  tlM  "dangerous"  temperatures^ 


possesses  maximum  oorrosion  resistance*  N.  Tu.  Pal'chuk  proposed  therefore  to  use  it 
as  a  basis  for  measuring  the  penetratfcm  depth  of  oorrosion  into  various  sections 


of  welded  Joints* 


welded  joints.  In  ndblitlon,  after  the  oorroslon  teste  we  proceeded  in  several  eases 


)  examine  the  transversal  tenplets  out  from  the  welded  specimens  in  order  to  establish 

localized  ' 

the  penetration  depth  of  antra  art  vaiESBt  corrosion  /6l,  66,  71/  (of.  Fig.  101|  c). 

like  is 

Bnttoribto  Over-all  corrosion  by  liquids, aonl  intergranular  corrosion, xzx  an  electro- 

/ 

chemical  process.  It  should  be  borne  ^  wind  that  the  over-all  ohemioal  resistance  of 

with 

the  weld  awtal  does  not  only  depend  on  whether  the  weld  is  an  anode  or  a  cathode  ioc 
respect 

xrtjrtdtaa  to  the  base  metal,  1.  e.,  on  the  "macroconditions "  for  the  development  of 

oorroslon,  but  also  on  the  "wierocondltionsW  under  which  the  oorroslon  processes  take 

place  on  the  weld.  Hence  the  structural  conditions  of  the  weld,  the  degree  and 

character  of  its  alloyags,  the  presence  or  absence  of  phase  transformations,  -tiie  rate 
chromiun  the 

of  depletion  of/austenlte  boundaxles  —  in  short,  all  those  factors  bearing  upon 

for 

the  failure  by  Intergranular  corrosion  must  also  be  of  importance  si  the  over-all 
ohemieal  resistance  of  the  weld  aetal. 

A  simple  exaBq)le  evidences  the  correctness  of  this  assertion.  In  a  vfjlded  specimen 

localized  corrosion  appears 

with  a  Idoubls:- .  butt  weld^thSrt^^affBartrtxEBngsntraiaBaycByrHntTO  \on  weld  1  subjected 
to  repeated  heat  treatnent  during  the  welding  of  weld  2  (Fig.  10^}. 


^7 


which  is 

The  strongest  failure  was  observed  in  that  section  of  veld  1  fadots  ^t  a  certain 
distance  frosi  weld  2,  It  can  easllj  be  seen  that  the  shape  and  location  of  this 


rSS'i 


area  ie  determined  by  ieothermal  surfaeea  responding  to  the  critical  ("dangerous"} 
tenqperatures*  In  the  immediate  vicinity  of  weld  2,  the  metal  of  weld  1  was  heated  to 
ten^eratures  at  which  the  excess  phase  dissolres.  Here,  corrosion  develops  normally. 

During  the  welding  of  weld  2,  the  metal  of  weld  1  was  heated  to  a  lower  tenperature 
at  a  certain  distance  £tom  veld  2.  In  spite  of  the  short  action  of  the  critical  ten^er- 
ature^the  excess  phase  precipitated  here^  thus  leading  to  an  intensification  in  the 
overfall  corrosion.  Let  us  now  examine  in  greater  detail  the  effect  of  the  "ndcroconditlons^'' 
on  the  over-all  corrosion  resistance  of  welds  of  stainless  chromium- nickel  steels. 

The  effect  of  the  "microstructure."  Until  recently,  the  problem  of  the  effect  of 
the  microstructure  of  l8-8  steel  welds  on  their  over-all  corrosion  resistance  did  not 
attract  sufficient  attention.  Nevertheless,  quite  a  few  papers  were  published  on  this 
subject  with  a  particular  regard,  however,  to  the  base  metal.  Various  viewpoints  were 
e:iq}ressed.  Referring  to  Uhllg,  Wettemick  notes  that  in  halogenous  solutions  austenitic 
steels  are  stronger  affected  by  corrosion  than  austenite- ferritic  steels.  (The  addition 
of  small  quantities  of  silver  to  austenitic  steels  somewhat  Increases  their  resistance 
to  these  solutions). 

Shirley  and  Nicholsen  /208/  maintain  that  two-phase  steels  are  inferior  to  single¬ 
phase  steels  with  respect  to  their  resietanoe  to  nitric  add.  In  two-phase  steels 


failure  bj  eorrosion.  proceeds  along  the  boundary  line  between  austenite  and  ferrite* 

When  the  new  American  standard  for  welding  electrodes  for  sustei^tlo  steels 
providing  for  an  increased  ferrite  content  in  the  weld  was  introduced  in  19^«  it  was 
noted  that  both  ferrite  and  austenite  are  equally  corrosion  resistant  in  osddlzlng 
media*  In  this  case  the  corrosion  resistance  results  from  the  formation  of  a  film  of 
chz*omium  oxides,  and  this  dQ>ends  on  the  chromium  concentration  in  the  metal  regardless 
of  the  latter  being  austenitic  or  ferritic  /2l5/* 

D.  0.  Slavin  A22/  points  out  that  up  to  20^  of  ferrite  in  lKhl8N9T-t7pe  steels 
virtually  has  no  bearing  on  their  corrodibility. 

In  reference  A82/  it  is  pointed  out  that  although  there  are  single  examples  of  pre¬ 
dominantly  corrosive  failure  of  austenite  or  fenrite,  steels  with  a  6lngle-];diase  ('^  ) 
and  a  two-phase  ('^4*  3  )  microstructure  practically  have  an  equivalent  over-all 
corrosion  resistance. 


Many  authors  believe  that  the  presence  of  the  S -phase  in  steel  accelerates 
the  over-all  corrosion  in  the  nitilc  acid.  According  to  Thielsch  and  Pratt  /219/, 
the  8-phaise  and  the  copper- rich  g-phasSf  which  is  formed  in  high-allpy  25-20 
steels  with  copper  and  roolybdenuiiij  can  appreciably  decrease  the  corrosion  resistance 
of  these  ste^s  in  sulfuric  add.  Our  tests  of  welding  Kh23M23M3B3  steels  provide 
no  proof  for  this  conclusion. 

The  effect  of  the  ndcrostructure  of  l8-8  steel  welds  on  their  resistance  to 
over-all  corrosion  in  ojddizing  media  can  be  Judged  from  the  results  of  the  following 
esqperiments. 

Two  series  of  12  nm  thick  automatically  welded  lKhl6N9T  steel  specimens  were 
tested  for  corrosion  in  boiling  65^  dtrie  acid.  The  dimensions  of  the  specimens 
were  UO  x  120  mn.  In  one  specimen  series  the  welds  had  an  austenitic- ferrite 
structure  (up  to  10^  8 -phase);  in  the  other,  the  welds  had  an  austenitic  structure 
owing  to  higher  nickel  content. 

These  corrosion  tests  have  shown  that  regardless  of  the  heat-treatment  the 
austenl tic- ferrite  structure  welds  as  well  as  the  austenitic  structtire  welds  have 
an  equal  over-all  loss  of  weight.  However,  an  examination  of  surfaces  of  the 
specimens  subjected  to  tendering  reveals  a  different  picture:  whereas,  the  corrosion 
of  an  austenitle  ferrite  weld  is  uniform,  the  surface  of  the  austenitic  weld  is 


heavily  ulcerated  due  to  local  corrosion  concentration* .  Furthermore,  in  welded 
Joints  of  austenitic  weilda  we  observe  a  high  corrosion  concentration  in  the  weld 
region.  For  specimens  of  austenitic  welds  subjected  to  teo^ering,  the  depth  of 
corrosion  penetration  is  1  mm  in  120  hours,  which  is  equivalent  to  73  mn\/year* 

Should  corrosion  progress  uniformly,  the  depth  of  corrosion  penetration,  at  an 
over-all  loss  of  weight  of  7.93  gr/m^  hr,  would  be  only  about  8  nnn/year,  and 
that  means  9  times  less.  Intense  knife-line  corrosion  in  specimens  with  purely 
austenitic  welds  can  be  e:q)lained  by  the  fact  that,  here,  beside  the  superheated 
region  of  the  base  metal  the  weld  metal  is  also  subject  to  intense  corrosion 
(see  Section  6,  Fig.  103,  b). 

Experimental  data  show  that  austenitic- ferrite  welds  (of  a  Biphase  content 
up  to  15  to  20$),  far  from  being  infeinLor  to  austenitic  welds,  have  an  even  higher 
resistance  to  over-all  corrosion  in  oxidizing  media,  especially  after  being  tendered 
at  650°C.  This  situation  proved  to  be  somewhat  paradoxical:  the  uniform,  homogeneous 
austenltle  structure  proves  to  be  less  chemically  stable  than  a  nonuzdfom  hetero¬ 
geneous-  two-phase  structure.  It  should  be  kept  in  mind  however  that  the  concept 
of  the  so-called  unlfonnity  of  austenitic  welds  is  a  false  concept.  Due  to  the 
peculiarity  of  the  primary  transcrystalline  structure  with  thickened  intergranular 


layers^  these  wd.ds  are  actually  less  uniform  than  those  which  have  a  disoriented 
and  granulated  austenitic-ferrite  structure  with  thinned  and  intercrystalline 
layers  dissociated  by  primary  ferrite*  This  specific  feature  of  the  primary 
structure  of  the  austenitic- ferrite  irelds  which  provides  for  their  high  resistance 
to  intergranular  corrosion,  also  accounts  for 


^^3 


their  high  resistance  to  over-all  corrosion  in  oxidizing  media*  Metallo- 
graphlc  investigation,  made  following  the  tests  for  over-all  corrosicn 
in  55  to  65$  nitric  acid  Illustrates  that  in  a  purely  austenitic  weld, 
destructicn  caused  by  corrosion  occurs  maixily  along  the  boundaxd.es  of 
acicular  crystals  ^Flg.  106,  a)#  In  austenitic-ferritic  welds,  corrosion 
is  uniform  both  at  the  grain  boundai*ies  and  in  the  austenite  crystals 
containing  primary  ferrite  re-rions  (Fig*  106,  b).  Analogous  data  are  listed 
in  /210/. 

Two-phase  welds  lose  the  above  advantages  as  regards  their  resistance 
to  over-all  corrosion  in  hltid.c  acid  (oxidi»:ng  medium) 


Fig*  106  •  Effect  of  the  microstructur«  of  a  weld  on  charmcter  of 
the  development  of  over-all  corrosion t  a  --  austenitic  weld,  with  preponderant 
destrmtion  of  boundairies  of  acicular  crytstals  (60Z);  b  —  austenitic-ferrite 
weld  —  uniform  corzxxsion  of  both  phases  (200X)* 


if  sulfuric  acid  (non- oxidixing  medium)  is  used  instead.  This, 
possibly,  is  linked  to  the  low  resistance  of  cnromium-f errite 
in  non-oxidizing  media.  It  is  well  known  that  the  chemical  stability 
of  austenitic  chromium-nickel  18-8  steels  and  ohat  of  17, ^  chroiaium 
steels  in  boiling  nitric  acid  is  practicalxy  equal.  Here,  in  an 
oxidizing  mediuia,  the  resistance  of  a  steel  is  determined  by  its 
passivation  capacity  /44>  129,  130/,  i.e.,  it  depends  entirely 
on  the  chromium  content  of  the  steel.  This  is  different  in  sulfuric- 
acid  media,  in  which  the  resistance  of  ferrite  steels  of  equal 
chromium  content  is  incomparably  lower  than  that  of  austenitic  steels. 
The  above-said  can  be  illustrated  by  the  following  example.  Specimens 
of  chromium-ferrite  Khl7  (17^  chromium  and  0,0y^  carbon  content) 
steel  with  welds  containing  18;^  Cr  and  Z%  Ni  were  boiled  for  24 
hours  in  nitric  acid  as  well  as  in  10%  sulfuric  acid.  The  specimens 

boiled  in  nitric  acid  preserved  their  external  appearance  (Fig.  107,  a)  . 
In  specimens  boiled  in  sulfuric  acid  ,  only  the  austenitic  welds 
remained;  the  ferrite  steel  which  was  the  base  metal  —  dissolved 
completely  (Fig.  107,  b) . 

. 
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The  lower  the  nerceiitacie  of  L'eirite  in  weici-  ana  iS-S  steels, 
the  hitcher  theii-  resl^-tance  t  sraJifurl®  acia.  However,  lo-8  steel 
even  such  oi  purely  austenitic  micj  of  tructijre,i::re  insufricientiy 
resistant  to  Suirurio  acia.  jiu.'.tenite- stable  steels  of  an  increasea 
chromium  ana  nickel  content, ana  wnth  aJuitioiuil  aa..iixture.s  of  cop.  er 
ami  iioiybdenum,  are  re^iabl'--  i/i  tiie  le-iia  in  '.uestion  (see  Table  2). 


Fi^.  107.  l-.exded  specimens  of  Khi7  steei  with  welds 
containing  13,1  Cr  and  3>  Ki,  after  boiling: 
a)  in  nitric  acid,  b)  in  sulfuric  acid. 

su 


Due  to  their  purely  austenitic  structure,  welds  of  such  steels 


show  a  resistance  to  cver-all  corrosion  not  inferior  to  that  of  the 
base  uetal.  Thus,  for  example,  after  100  hrs  boiling  in  sulfuric 
acid  of  different  concentrations  (35,  50  and  75  per  cent),  the  loss 
id  weight  of  specimens  of  automatically  welded  Kh23N23M3D3  (El 533) 

.  steel  was  just  as  small  as  the  loss  of  the  specimens  of  the  (unwelded) 
base  metal.  As  a  result  of  tempering  at  650  to  700  C,  the  resistance 
to  over-all  corrosion  of  these  weld  joints  in  sulfuric  acid  decreases 
slightly. 

It  has  been  established  that  the  corrosion  resistance  of 

18-8  steels  in  sulfuric  acid  of  low  concentration  can  be  cosiderably 

increased  by  way  of  small  additions  of  certain  substances  to  the 

aggressive  medium.  The  following  relevant  data  are  known  to  us. 

Kiefer  and  Renshaw  found  that  the  addition  of  various  sulfates, 

such  as  CuSO, ,  SnSO,,  NiSO  ,  MnSO  ,  FeSO  ,  (NH  )  SO  to  sulfuric 

^  ^  4  4  4424 

acid  moderates  corrosion  in  chromium-nickel  austenitic  steels. 

Most  effective  are  strong  oxidizing  agents,  such  as  nitric  acid. 


chromic  acid,  and  dlchro.dates  (for  instance,  K^Cr  0  ) ,  which  entirely 
prevent.';  ’  corro.-  ion  of  austenitic  steels  in  sulfuric  acid. 

Kh.  L.  Tseytlin  contends  that  small  concentrations  of  haloid 
ions  have  a  moderating  (inhibiting)  effect  on  the  corrosion  of  18-8 
steels  in  ION  sulfuric  acid.  The  presence  of  0,3  to  of  the 

chlorine  ion  in  the  solution, .  reduces  corrosion  of  18-8  steel(bj^ 

40  to  60  times.  Our  tests  with  weld  specimens  did  not  confirm  these 
data.  As  regards  oxidizers  in  small  additions,  they  ^o  lactually 
retard'  corrosion  of  18-8-steel  welds  in  sulfuric  acid  (Table  48). 

Table  48 

Effect  of  HNOy(oxidizer)  addition  to  sulfuric  acid  on  the 
corrosion  resistance  of  welds  of  lKhl8N9T  steel 
Brand  of  electrode  Loss  of  weight  (in  g/m  hr)  of  weld  specimens 


used  in  welding  afer  boiling  in  6%  H2S0^  with  addition  of  HNO^ 


None 

,  - 1 

0.1% 

\  ,.i  .  ,, 

0.3^ 

0.5^ 

Sv-0iail8N9 . 

33.3 

25.7 

0.32 

0.10 

Sv-0Khl8N9S2  _ 

53.3 

48.0 

0.56 

0.15 

0Khl8N9FBS  (EI649) 

46.3 

34.9 

!  0.68 

0.12 

r 


In  their  work  Thlelsch  and  Pratt  cite  data  according  to  which  the  addition 


of  a  mere  0.1^  of  the  strong  oxi-,uzer  NagCrgO-^  to  10%  H2S0^  retards  the  corrosion 
of  20-23  steel  with  3^  molybdenum  and  2%  copper  by  a  factor  of  70  /219/ , 

In  the  work  of  Uhlig  it  is  shown  that  small  additions  of  strong  oxidizers 
(HNO^)  sharply  moderate  the  corrosion  of  austenitic  l8-8  steels  in  sulfuric  acid*. 

Other  data  show  that  the  blowing  of  sulfuric  acid  with  air  (oxygen)  has  the 
same  moderating  effect  on  the  corrosion  of  18-8  steel  as  the  addition  of  oxidizers. 

In  collaboration  with  N.  A.  Langer  we  tested  weld  specimens  of  lKhl8N9T  steel 
with  automatic  welds  for  corrosion  in  6%  sulfuric  acid  with  and  without  addition 
of  a  strong  oxidizing  agent,  in  our  case,  of  nitric  acid.  The  results  of  these  tests 
as  given  in  Table  li8  show  that  the  corrosion  of  weld  joints  in  dilute  sulfuric  acid 
can  be  sharply  retarded  (hundreds  of  times)  by  the  addition  of  a  mere  0.3  to  0,9%  of 

Our  experiments  showed  that  the  addition  to  sulfuric  acid  of  NiS0|^,  linSOi^,  FeSO^^, 
(NH]^)2S0^  and  Al2(S0^)^  as  well  as  NaCl  practically  does  not  moderate  the  corrosion 
in  18-6  steel  welds. 

Aeration  of  sulfuric  acid  solutions  (blowing  with  air)  also  has  a  great  effect 
on  moderation  of  corrosion  in  weld  specimens  of  lKhl8N9T  steel  (Table  1;9)> 

Work  /UU/  was  the  first  to  establish  the  low  corrosion  resistance  of  stainless 
steels  in  oxidizing  solutions  under  ceirtain  conditions. 

Corrosion  of  Metals,  Vol.  1,  Ctoskhimizdat,  19$2, 
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Table  49 


Effect  of  aeratlor*  on  the  diffusion  rate  of  weld  specimens 
of  lKhl8N9T  steel  in  boiling  6^  sulfuric  acid 


Brand' of  electrode 

i 

Conditions  of 

corrosion  tests 

Loss  of  weight  after  boiling 
in  g/m^hr 

Cycle  I 

4  hours 

Cycle  II 

6  hours 

Cycle  III 

8  hours 

Cyclei'i 

4  hrs 

1 

Sv-0Khl8N9^ 

Normal 

1 

122.0  1 

83.3 

— - ■  1 

1 

112.5 

1 ....  1 

80.3 

Blown  with  air 

68.2 

0.67 

0.25 

1 

!  none 

i 

1 

0IChl8N9FBS 

Normal 

161.0 

127.0 

94.5  i 

116.5 

(EI649)  , 

,  1 

1 

Blown  with  air 

84.0 

1.4 

2*6  i 

1 

none 

*  weld  containing  3  to  5;^  ^'-ferrite 
**  weld  containing  10  to  15,^  8  -ferrite. 


This  phenomenon  has  been  called  ^ repassivation”  or  "transpassivity. 
N.  D,  Tomashov  and  G.  P.  Chernova  /129,  130/  have  shown  that  the.--, 
increase  in  the  rate  of  corrosion  of  stainless  steels  in  strong 
oxidizing  solutions,  is.  caused  by  the.  formation  of  soluble  oxides 
of  hexavalent  chromium  in  the  form  of  CrO^  or  as (Cr^O^) '^“anions. 

De  Long  points  out  that  chromium  ions.'added  to  18-8  steel  in  an 
amount  of  0. 003^5,  or  tO  18-8  steel  with  molybdenum’  in  an  amount 
of  O.OO65S,  cause  an  abrupt  increase  in  the  corrosion  rate  in  nitric 
acid. 

:  fio 


In  collaboration  with  N.  A.  Langer  and  H.  rl.  Kurtepov,  we  carried 


out  experlxiients  to  compare  the  corrosion  of  the  weld  joints  of  three 
acid-resistant  steels  in  Oxidizing  media.  Table  50  gives  the  chemical 
composition  of  these  automatic  welds,  while  the  results  of  the 
corrosion  tests  are  shown  in  Table  51. 

Table  51 

Chemical  composition  of  the  weld  metal  of  three 
acid-resistant  austenitic  18-8  steels 


Brands  of  steel 

i 

i  Brands  of 

Chemical  composition 

of  weld  metal  in  % 

:  electrodes 

B 

Si 

Mn 

D 

Ni 

Ti 

!  ^ 

Khl8N9T 

!  Sv-0Khl8N9 

j 

0Khl8N9FBS 

0.09 

0.82 

0.70 

17.8 

"  1 

9.2 

0.16 

— 

— 

1 

i  “ 

i 

1 

1 

(EI649) 

0.08 

1.23 

0.80 

18.2 

9.8 

0.27 

0.32 

1.0 

KhlSNllB 

Sv-lKhl8N91 

0Khl8N9F2S  * 

0.09 

* 

1.26 

1.0 

18.3 

11.0 

0.10 

1.10 

(EI606) 

0.08 

1.33 

1.0 

17.5 

11.5 

0.10 

0.89 

0.89 

Khl8N12M2T 

Sv-Khl8Nlli^ 

0.09 

0.91 

0.97 

17.0 

12.3 

0.25 

— 

2^ 

— 

Table  51 


Corrosion  resistance  of  weld  joints  of  acid-resistant 
18-8  steels  in  oxidizing  media 


Brand 

of 

steel 

j  Brand 

i  ■ 

i 

i  electrode 

1 

j 

f  . . (“ 

,  System ' of  j 

additional 

alloying  j 

Loss  of  weight  of. veld  specimens 

after  200-hr  boiling  in  solutions 

in  g/m^hr 

of 

j 

weld  metai 

15^  HNO, 

15,^  HNO-  - 
10%  K2C:?2°7 

55/^  HNO^ 

lKhl8N9T 

1 

i 

i  Sv-0Khl8N9 

I 

none  1 

0.05 

1.65 

0.87 

!  (EI649) 

i 

Si,  V,  Kb; 

1 

0.03 

• 

1.18 

0.35 

lKhl8NllB 

;Sv-lKhl8NllB 

i 

none  i 

0.02 

2.15 

0.25 

(EI606) 

V  •' 

1 

0.04 

2.79 

0.34 

Khl8N12Ii2T 

Sv-Khl8NliM  j 

none  i 

0.02 

1.59 

0.79 

Above  data  show  that  the  addition  of  the  strong  oxidizer 

K^Cr„0„  to  a  relatively  weak  solution  of  nitric  acid  causes  corrosion 
2  2  7 

rate  increase  by  more  than  one  hundred  times.  A  higher  concentration 
of  nitric  acid  is^far  Ipss  effective^-  - 

It  has  been  established  that,  inspite  of  causing  a  multifold 
increase  in  the  overall  corrosion  of  weld  Joints,  the  addition  of 
K  Cr_0  ,  at  the  same  time,  does  not  cause  any  appreciable  increase 

^  ^  r 

'in  the  rate  of  intergranular  corrosion.  Thus,  for  example,  at  a 
relatively  low  rate  of  overall  corrosion  in  55  per  cent  HNO 

wrnmrnrnimimmmmmmm 


2 

(d.35  g/m  hr),  the  penetration  depth  of  knife-line  corrosion  in 

welds  of  lKhl8N9T  steel  iiiade  with  an  OKiiiSNVrbS  electrode,  was  a 

iiiere  0.8  to  0.9  lam  lor  200  hrs.  After  boiling  in  a  solution  of  15 

per  cent  HNO^  and  K^Cr^O^,  the  penetration  of  knife-line  corrosion 

was  a  mere  0.i5  to  0,25  mm,  despite  the  fact  that  overall  corrosion 

2 

progresses,  here,  three  times  as  fast  (1.18  g/m  hr). 

Effects  of  heat  treatment.  Corrosion  tests  to  study  the 
effects  of  heat  treatment  showed  that: 

1.  After  quenching  for  austenite,  if  quenching  temperature 
does  not  exceed  1050  to  1150‘*C,  the  resistance  to  overall  corrosion 
of  weld  joints  is  the  same  as  after  welding  (where  there  is  no  heat 

I 

treatment) }  | 

! 

i 

2.  After  eacpo'sur ec t tof  critical  temperatures,  the  resistance 

of  the  weld  Joints  in  oxidizing  media  diminishes  appreciably,  regardles:; 
of  the  structure  of  a  weld.  It  should  be  noted  that  tempering  at 
650  C  affects  the  lKhl8If9T  steel  even  stronger  than  the  weld  joints. 

In  separate  cases,  we  observed  a  tenfold  increase  in  corrosion  of 
lKhl8N9T  steel  after  tempering  for  2  hrs  at  650“c. 

t  ■ 


Keating's  data  are  analogous  /l82/.  He  states  that  tempering  after  quenching 


for  austenite  has  no  effect  on  the  corrosion  resistance  of  steel  either  in  0,$%  HCl 

or  in  H^SO,  .  In  nitric  acid  the  tempering  increases  the  corrosion  of  18-8  steel 
2  u 

with  titanium  (Table  $2), 

If  the  weld  Joints  have  been  quenched  for  austenite  the  negative  effect  of 
critical  temperatures  on  the  chemical  stability  of  the  weld  specimens  increases 
sharply.  It  should  be  boim  in  mind  that 


Effect  of  tempering  at  650 on  the  corrosion  resistance 
of  18-8  steel  in  70  per  cent  HNO^  /i82/ 

(corrosion  rate  after  holding  for  29  days  in  nitric  acid  in  mn/year) 

Heat  treatment  prior  to  corrosion  tests 

o  o 

Quenching  from  1050  C  and  tempering (Quenching  from  1250  C  and  tempering 


at 

650*  C  ; 

Ln  hrs 

! 

at  650*0  in  h 

rs 

,  none 

m 

4 

48 

672 

none 

0.5 

4 

48 

672 

0.285 

0.331 

1.35 

1 

2.42 

4.51  1 

1 

0.388 

4.25 

5.88 

1 

1.9 

1 

13.7 

a  quite  similar  increase  in  the  detrimental  effect  of  tempering  after 
quenching  is  observed  also  in  the  tests  for  intergranular  corrosion 
/see  page  230/.  From  this,  it  may  be  concluded  that  both  the  resistance 
to  over-all-  corrosion  in  an  oxidizing  medium,  and  the  resistance  to 
intergranular  corrosion  of  a  weld,  are.  associated  with  its  microstruc¬ 
ture,  the  character  of  excess-phase  precipitation  and  the  dlsliocation 
of  the  chromium-poor  regions  of  the  austenite. 

The  negative  effect  of  critical  temperatures  on  the  resistance 
to  over-all  corrosion  of  welds  in  oxidizing  media  becomes  the  more 
apparent  the  higher  the  quenching  temperature.  A  quenching  temperature 
of  more  than  1150  to  1200  C  if  followed  by  exposure  to  critical 


temperatures,  appreciably  increases  the  over-all.  corrosion  of  veld 
joints  in  boiling  nitric  acid.  We  know  the  analogous  effect  of 
quenching  temperature  on  the  resistance  of  a  true  austenitic  steel 
(Table  53)  /151/. 

Table  53 

Effect  of  quenching  temperature  on  the  corrosion  resistance 

of  niobium-bearing  18-8  steel  in  65  per  cent  boiling  HNO^  /lol/ 

Tempering  after 
quenching  in  the 
corrosion  tests 

None  23.1  24.8  24.5  I  22.7  j  22.3  20.8 

for  2  hrs  at  650 ^  42  41  42  84  367  690 

We  see  that  heating  at  1320  to  1370*^0  cwtawe  followed  by  tempering 
causes  a  multifold  Increase  in  the  corrosion  rate.  This  is  the 
explanation,  as  has  been  said  in  Section  8,  for  knife-line  corrosion 
forming  in  the  welds  of  steels  stabilized  with  titanium  or  niobium. 

The  above-mentioned  conclusions  in  regard  to  the  effect  of 
heat  treatment  on.. the  overi!.*!!  chemical  stability  of  weld  joints  were 
''onfirmed  in  full  extent  by  the  test*  conducted  with  austenitic-ferritic 
welds,  alloyed  additionally  with  the  following  ferritiging' elements: 


Corrosion  rate  (inch *10  /year)  after  quenching 


V 

from  temperatures  in  C 


1090 

moil 

1320 

1370 


titanium,  niobiuia,  chrojaium,  alurulnum,  silicon,  vanadium  and  tungsten. 


t 


Considering  the  aborey  it  ml^t  veil  be  assumed  that  heat  treatment 


for  imnunisation,  and,  in  particular,  stabilizing  annealing,  must  have 
a  beneficial  effect  on  the  resistance  to  over-all  corrosion  of  welds. 
The  tests  we  made  in  collaboration  with  A.  Larger  /7l/  confirmed 


this  assuiqptlon  and  shoved  that  stabilizing  annealing  is  an  effective 


method  for  increasing  the  over-all  chemical  resistance  of  weld  Joints 


both  in  oxidizing  and  non-oxidizing  media  /Table  5U/* 


TABLE  5ii«  Effect  of  Stabilizing  Annealing  of  Weld  Specimens 


of  lKhl8N9T  Steel  on  their  Corrosion  Resistance  in  Bolling 


Nitric  Acid  after  Four  2U-Hr.  Cycles  of  Boiling  (Loss 


of  Weight  in  gA^i*) 


Heat  treatment 

! 

Heat  treatment  after  welding 

after 

annealing 

annealing 

annealing 

annealing 

none 

for  2  hrs. 
at  900°C 

for  2  lu?s. 
at  8^0®C 

for  li  hrs. 
at  800°C 

none. . . . 

2.2 

1.9 

1.8 

1.7 

2  hrs  at  650^0 . 

j 

1 

1 

16.2 

1 

i 

2.9 

3.8 

3.4 

w 


57$ 


S/mH 


subjected  to  quenching  and  stabilizing  annealing,  ihe  specimens  were 
tested  In  6S}(  nitric  acid. 


♦  •v 


Tests  showed  that  stabilizing  annealing  narkedly  increases  the 


resistance  of  weld  joints  not  only  in  nitric  acid  but  in  sulTurlc-acid  media 
as  well#  %e  beneficial  effect  of  stabilizing  annealing  becomes  most  evident 
idien  the  weld  specimens  are  subsequently  tenured,  '^ere,  once  again,  we  see 
the  invaluable  advantages  of  diffusion  (immunization)  heat  treatment  of 
stainless  steels,  as  conpared  with  other  methods  of  heat  treatment.  It 
should  be  noted  that  stabilizing  annealing  is  rather  effective  also  in 
regard  to  the  chemical  resistance  of  rolled  and  forged  steel,  thus 
doubtlessly  Increasing  the  chemical  resistance  of  weld  joints. 

N.  Yu.  Pal'chuk's  data  concerning  the  effect  of  stabilizing  annealing 
on  the  resistance  of  manually  welded  Joints  are  in  corqplete  agreement  with 
the  above. 

Another  most  valuable  proper'^  of  stabilizing  annecdlng  is  its 

a 

prevention  of  knife-line  corrosion  (see  Section  8). 

■^t  is  known  that  18-8  steels  are  frequently  used  in  structures  doing 
service  under  deep-freeze  conditions.  In  view  of  this,  we  tested  lKhl8N9T 
steel  specimens  preliminarily  exposed  to  deep-freeze  conditions  (holding 
for  3  hours  in  liquid  oxygen  (-188°C)) 


5SI 


for  corrosion  in  boilinK  55  per  cent  HNO^  and  in  2  per  cent  The 

results  of  these  tests  are  included  in  Table  55* 

TABIE  $$,  Effect  of  Deep-Freeze  Treatment  on  the  Resistance 
to  Over-all  Corrosion  of  Weld  %>ecimens  of  lKhl8N9T  Steel 


Heat  treatment  prior  Loss  of  wei^t  after  100-hr.  boiling  in  g/m^hr. 

to  corrosion  tests  -  -  ■  . . .  - - - 

in  HNO3  in  2%  HgSOi^ 


none  ••••••••••••.•••  2.01  2.63 

holing  for  2  hrs.  at 

650°C .  3.1*6  2.99 

holdj^  for  3  hrs.  at 

-183  C .  3.90  2.1*7 

hold^g  for  3  hrs.  at 
-183°C.  then  for  2  hrs. 

at  650®C .  5.72  3.1*2 


These  tests  revealed  that  the  treatment  by  cold  increases  the  cor¬ 
rosion  rate  of  lKhl8N9T  steel  welds  in  nitric  acid,  and  practically  hardly 
affects  the  resistance  of  welds  in  sulfuric  acid. 

Effect  of  alloying  elements.  The  effect  of  the  alloying  elements 
on  the  resistance  to  over-all  corrosion  of  weld  joints  is  not  limited 

to  their  Influence  on  the  primary  structure.  The  effect  of  allying 

A 

admixtures  on  the  resistance  of  welds  is,  generally,  sinllar  to  their 


effect  on  the 


resistance  of  austenitic  rolled  and  forged  steel/  in  various 


aggressive  media. 


sis 


It  is  well  knov  that  carbon  has  the  effect  of  abruptly  increasing 


overall  corrosion  of  stainless  steels  in  various  media.  Thus,  for 
exajnple,  Heeley  and  Little  /179/  supply  most  Intersting  data  on 
the  effect  of  carbon  on  the  resistance  to  overall  corrosion  of 
titanium-bearing  18-8  steel  in  nitric  acid.  The  corrosion  rate  of 
steel  in  30  per  cent  nitric  acid  increased  tenfold  with  an  increase 
in  carbon  content  from  0.08  to  0.12  per  cent  (after  3  to  4  niin  heating 

t 

at  1300  C  followed  by  cooling  off  in  air). 

Shirley  and  Truman  showed  that  increase  in  the  carbon  content 

of  titanium-  (or  niobium)  bearing  18-8  steels  has,  practically,  no 

effect  on  their  resistance  to  overall  corrosion  in  solutions  of 

(0.5  to  2.5  per  cent)  hydrochloric  aid  and  (30  per  cent)  acetic 

acid,  while  in  (10  per  cent)  sulfuric  acid  as  well  as  in  (70  per 

cent)  nitric  acid,  corrosion  rate  increases  sharply. 

* 

Buke,  Hager,  Phillips  and  Quineau  established  that  the  corrosion 
rate  of  18-8  ELC  steel  in  boiling  65  per  cent  HNO^  increases  hundred- 

C 

fold  if  after  holding  for  2  hours  at  650  C,  its  carbon  content  is 

\ 

increased  by  a  mere  0.009  per  cent  (from  0.028  to  0.037  per  cent). 


Increase  in  carbon  content,  has  the  same  effect  on  welds. 

Hence^  It  is  desirable  to  minimize  the  carbon  content  of  welds 
both  in  regard  to  their  chemical  stability  and  their  resistance  to 
intergreuiular  corrosion.  Here,  even  a  hundredth  of  a  per  cent  is 
relevant.  Yet  carbon-content  reduction, win -itself,  dobs  not  solve 


all  problems.  Important,  and  at  times  decisive,  is  also  heat  treatment 

of  steels  and  welds.  For  example,  Ebllng  and  Shell  /167/  have  published 

data  according  to  which  prolonged  holding  of  weld  specimens  of 

ultralow-carbon  steel,  type  18-8,  brand  AISI-304  L  (0,028^  C,  18.06^  Cr; 

9.30^  Ni)^  in  65  per  cent  nitric  acid  at  temperatures  between  900  and 
o  .  *  . 

1000  F  (435  to  535  C),  results  in  a  hundredfold  increase  in  their 
corrosion  rate.  In  working  conditions  where  they  run  the  risk  even 
of  a  short  exposure  to  liquid  media  (for  instance,  when  as  a. 
result  of  suspended  operation,  condensate  may  form  on  welds)  such 


moj,e  rule  applies  In  the  same  measure  to  Fe-Nl  alloys  as  to  Fe-Cr 


alloys.  Hence,  to  be  resistant  to  overall  corrosion,  steels  should 
contain  1/8,  2/8  etc.  moles  of  nickel  (13.5;  27;^  iU)  Just  aa  thoy  arc 
required  to  contain  1/8,  2/8  etc.  moles  of  chromium  (12.5;  25%  Cr)  /136/. 
This  is  the  reason  why  the  nickel  content  of  austenitic  steels 
designed  to  perform  in  s;  If uric  and  phosphoric  acids  is  increased 
up  to  30  per  cent  /257/. 


*  ASTM,  Spec.  Techn.  Publ,,  No  93,  1950. 

£76 


since  economy  in  nickel  is  desired,  we  tested  Kh23N23M3D3  steel 


for  welding  with  an  electrode  whose  nickel  content  (4  to  5%)  was  in 
part  replaced  with  manganese  (6  to  1%) .  It  proved  that  in  the  mentioned 
limits,  this  substitution  had  the  effect  of  reducing  somewhat  the 
resistance  of  welds  to  overall  corrosion  in  boiling  35  to  50,  and 
75  per  cent  sulfuric  acid.  Manganese  impairs  resistance  to  inter¬ 
granular  corrosion.  Further  Investigation  is  required  to  discover 
the  techniques  of  increasing  the  resistance  to  this  type  of  corrosion 
in  welds  containing  manganese  Instead  of  nickel. 

It  should  be  noted  that  manganese  Increases  greatly  the  overall 
corrosion  of  welds  in  oxidizing  media,  in  nitric  acid  inter  alia 
(see  Table  56  compiled  from  data  of  N.  A.  Langer  and  M.  M.  Kurtepov 
as  given  in  their  article  "Corrosion  properties  of  stainless- steel 
welds  in  oxidizing  solutions",  in  "Automatic  Welding",  No  2,  1957). 


^7 


Table  56 


Effect  of  alloying  elements  on  the  corrosion  rate  of 
weld  joints  of  lKhl8N9T  steel  in  boiling  55  per  cent 


Additional  i 

I 

alloying  of 

i 

weld  metal  1  c 


Chemical  composition  of  weldjLoss  of  weight  in 


. 

Si  '  Mn 


metal  in  per  cent  {  g/m  hr  after  200-h 


Cr  N1 


none  .  I  0.09  I  0.82  i  0.70  I  17.8 


0.9i:!C  V .  0.08  I  1.35  0.80 

0.32^  Nb  .  I  0.08  I  1.23  j  0.80 


9.2  0.16 
9.2  0.23 


1.35  0.80  18.0  ;  9.2  0.23 
1.23  i  0.80  18.2  9.8  0.27 


1.058  V  -  0.3258Nbj  0.07  ‘  0.56  !  1.37  17.9  10.1  0.27 
0.9858  VI . !  0.08  i  0.92  0.85  18.8  10.9  0.28 


1.6058  V .  0.09 

0.78 

0.99 

17.6 

10.2 

0.29 

1.6158  W  -  0.3058Nb0.08 

1.02 

0.83 

18.4 

10.8 

0.30 

1 

I.I558M0  -  0.28SgNb0.09 

0.61 

1.38 

17.9 

10.1 

0.30 

I.8O58M0  -  0.28^Nlio.09 

1 

0.53 

1.25 

17.2 

10.4 

0.31 

6.058  Mn .  10.09 

0.81 

6.1 

18.2 

10.6 

0.29 

toiling 

0.87 

1.10 

1.35 

0.93 

6.05 

4.88 

2.16 

1.09 

4.10 

4.00 


From  the  ylewpoint  of  economizing  nickel  and  substituting 
manganese  for  it  in  acid-resistant  steels,  the  data  of  Flint  and  Toft, 
/170/,  British  investigators,  on  the  relative  corrosion  resistance 
of  steels  of  the  types  18'  Cr  -  8  Ni  and  18  Cr  -  10  Mn  -  2  Ni  are, 
doubtless,  of  the  greatest  4-nterest.  Table  57  gibes  the  chemical 
composition  and  the  mechanical  properties  of  the  said  steels. 


Table  57 


Chemical  composion  and  mechanical  properties  of 
austenitic  steels  of  types  18  Cr  -  8  N1  and 
18  Cr  -  10  14n  -  2  Ni  /170/ 


Chemical  composion  of  steel 

Mechanical  properties 

Type  of  steel 

in  per  cent 

of 

steel 

C 

Si 

Mn 

Cr 

Nl 

Ti 

in. 

in. 

^  in  f» 

kg/war 

i  =50.8ni 

18  Cr  -  8  Nl 

0.10 

0.63 

0.47 

18.2 

8.1 

0.58 

19.0 

47.0 

.  57.5 

18  Cr  -  10  Mn  -  2  Nl 

0.08 

O.U 

10.5 

17.5 

1.9 

0.59 

33,1 

49.1 

26.5 
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The  results  of  the  corrosion  tests  conducted  in  65  per  cent 


nitric  acid  and  in  phosphoric  acid  of  various  concentrations  are 
presented  in  Table  38. 


Table  58 

Corrosion  resistance  of  steels  of  the  types  18  Cr  -  8  Ni 


and  18  Cr  -  10  ito  -  2  Ni  /170/ 


Type  of 

steel 

Corrosion  rate 

in  mg/inch^/day  in  boiling: 

IlGau 

treatment 

65^ 

HHO3 

10^ 

20^ 

30^ 

H^PO 

3  4 

40% 

H  PO 

3  4 

18  Cr  -  8  Ni 

annealing 

■ 

170  1 

6 

6  • 

■ - 2 - 

tempering 

546 

— 

I  “ 

r  • 

-8  Cr  -10  Mn  -2  Ni 

annealing 

566 

10 

17 

18 

j 

i 

1 

i 

tempering 

1368 

" 

As  we  see,  the  resistance  of  chroiaium-manganese  austenitic  steel 
in  the  said  media  is  appreciably  lower  than  that  of  chromium-nickel 
steel,  while  in  sulfuric  acid,  it  is  only  slightly  inferior  to 
titanium-bearing  18-8  steeL.it  proved  that  after  having  been  .exposed 
to  the  industrial  atmosphere  of  Birmingham  for  18  months,  steel  of 
high  manganese  content  had  rosted  through  and  through,  while  18-8 
steel  remained  entirely  Intact.  These  authors  consider  that  research 
to  obtain  chromium-manganese  austenitic  steel  of  a  corrosion  resis- 

mrnfmmmmmmmmmmm  .p.  m  n  w  1 


tance  r:.ot  inferior  to  that  of  18-8  steel,  is  necessary  by  all  means 


The  negative  effect  of  Mn  is  pointed  out  also  in  work  /265/. 

Of  late;  Lula  and  Renshaw,  American  investigators,  have  published 
/191/  new  data  on  acid-resistant  chromium-manganese  austenitic  steels. 
They  arrived  at  the  conclusion  that  steels  of  the  type  18  Cr  -  10  Mn 
Vlth  merely.-  2  to  3  per  cent  of  nickel  (mentioned,  in  particular,  by 
the  British  authors  also)  cannot  compete  in  regard  to  their  corrosion 
resistance  with  18-8-type  steels,  it  is  necessary  to  add  either  0.30 
to  0.70  per  cent  of  nitrogen,  or  -  more  effective  still  -  to  increase 
their'  nickel  content  up  to  5  to  6  per  cent.  Table  59  gives  the 

chemical  composition  of  the  latest  chromlma-manganese-nlckel.  austenitic 

a 

steels. 


Table  59 


Chemical  composition  of  acid-resistant  chromlum-manganese- 


nlckel  austenitic  steels  /191/ 


Chemical  composition  in  per 

cent 

Standard  brands 

of  steel 

Type  of 

steel 

C 

not  more 
than 

Mn 

Cr 

N1 

N 

• 

AISI-201 

17-4-6 

0.15 

5.5  -  7.5 

16.0-18.0 

3.5  -5.5 

0.25 

AISI-202 

18-5-8 

0.15 

7.5  -10.0 

17.0-19.0 

4.0  -6,0 

0.25 

- 

204 

0.10 

7.5-  -10.0 

17.0-19.0 

4.0  -6.0 

0.25 

204L» 

0.06 

7.5  -10.0 

17.0-19.0 

4.0  -6.0 

0.25 

20-6^ 

0.10 

7.5  -  9.0 

■ 

19.0-21.0 

5.0  -7.0 

0.25) 
tX3  0.35) 

*  Test  steel 


According  to  date  A9l/>  an  Increase  from  2*5  to  %  in  nickel  content  in 
17Cr  -  lOMn  steel  brings  about  a  triple  decrease  in  the  corrosion  rate  in  a  (3$% 
nitric  add.  Steel  of  T^e  20Cr  -  8Mn  >  6Ni  is  only  to  a  small  degree  inferior 
to  18-8  steel  in  its  resistance  to  nitric  add  as  well  as  to  acetic^  suljfiirid, 
and  phosphoric  adds.  HovereTf  steels  with  a  high  manganese  content  are  low- 
resistant  to  pitting  and  in  this  respect  are  condderably  inferior  to  I8-8  steels. 
According  to  Lula  aid  Renschsw,  the  remarkable  property  of  chromium-manganese- nickel 
austenitic  steels  is  that  they  nay  contain  a  higher  carbon  content  (0.065^)  than 
18-8  steels  and  that  there  is  no  danger  of  tendency  to  intergranular  corrosion  after 
welding. 

Despite  the  proddeg- results  obtdned  by  the  authors  in  their  work  /l91/> 
it  is  necessary  to  state  that  the  problem  of  substituting  nickel  by  mangauiese 
in  austenitic  steels  is  not  yet  solred  dther  in  the  USSR  or  in  the  countries 
abroad.  Due  to  the  necesdty  of  udng  nickel  sparingly  and  also  conddering  the 
podtire  effect  of  manganese  on  the  redstance  of  pure  austenitic  welds  (not  con- 
tdtdng  copper)  to  hot  craoksy  it  is  necessary  in  the  very  near  fhture  to  find 
reliable  means  of  preventing  the  hazvfbl  effects  of  manganese  on  the  oorrodon 


properties  of  austenitio  steels  and  welds. 


In  eonjMction  with  the  de'velopnent  of  oxygenleas  fluxes,  at  the  present  time 


in  ilox  voiding,  as  was  mentioned  earlier,  it  is  possible  to  alloy  velds  by  titanium 
in  the  sane  manner  as  it  is  done  in  gas-arb  welding.  It  seems ^ however^  that  this  is 
not  always  necessary  in  vibw  of  the  orerall  corrosion  resistance  of  weld  conpoundsi 
automatic  welds  of  lKhl8N9T  steels,  which  are  titanium  stabilized,  are  inferior  in 
their  resistance  to  boiling  nitric  acid  than  w^ds  containing  niobium. 

For  coapari^n,  weld  sas^les  of  lKhl8N9T  steel  were  subjected  to  corrosion 

'ytested/' 

tests.  One  group  of  sanqples  vab^aooK  orygenless  flux  by  a  Sv>lKhl8N9T  rod, 
the  other  by  a  Sv-lKhl8N9B  rod.  The  chemical  conqjosition  of  both  welds  is  shown 
in  Table  60.  The  results  of  corrlon  tests  conducted  in  nitric  acid  are  shown 
in  the  same  table. 

TABLE  60 


The  effect  of  titanium  and  niobium  on  the  corrosion  resistance  of  iKhlSN^  steel 
welds  in  nltrle  acid. 


Type  of  rod 

Chemical  composition  of  the  weld  metal  in  % 

Weight  loss  (in  g/m^  hr)  after 

100  hours  of  boiling  in  nitric 

acid 

C 

i 

Mn 

Cr 

Ni 

Ti 

Nb 

Without  heat 
treatment 

After  tempering  at 
6^0^  for  2  hours 

Se.lKhl8M9T 

0.(9 

0.63 

1.18 

18.0 

0.ii0 

none 

7.6 

lli.O 

Sv-lKhl8N9B 

0.09 

0.61i 

1.00 

18.0 

1 

0.28 

1.02 

3.2 

6.5 

Both  wolds  resist  intorgrsnulsr  corrosion,  but  the  weld  slloyod  with 


titanium  corrodes  In  nltxlo  acid  considerably  faster  than  the  weld  with  niobium. 

The  ndc restructure  of  both  welds  Is  shown  in  Fig.  109.  Analogous  data  were  obtained 
for  welds  made  by  gas«are  welding.  Thus,  Bens  and  Sohn  A56/  have  indicated  that 
welds  made  by  the  argon-arc  method  on  l8-8  steel  with  niobium  possess  a  greater 
resistance  to  over-all  corrosion  in  boiling  nitric  acid  than  the  same  kind  of 
welds  made  on  l6-6  steel  with  titanium:  In  the  natural  state  —  by  a  factor  of  U, 
after  tempering  at  700°C  for  2  hours  —  by  a  factor  of  9,  and  after  hardening  for 
austenite  and  tempering  ~  by  a  factor  of  3?.  Similar  data  are  contained  In  the 
work  of  Shirley  and  Btchtlsen  /2<J8/. 


Fig.  109.  Microstructure  of  two-phase  welds  of  l8-8  steel  which  possess 
resistance  to  intergranular  corrosion,  but  which  dlfftr  In  over-all  resistance 
in  nitric  acid:  a)  weld  with  0.1:0  titanlumj  b)  weld  with  1.02  niobium  (300X). 

As  for  the  base  metal,  according  to  A.  M.  Samarln  and  A.  A.  Yatkevich  /116/,  18-8 
steal  with  niobium  (KhlSMllB)  possesses  a  considerably 


superior  resistance  in  nitric  acid  as  compared  to  18-8  steel 


with  titanium  (lKhl8N9T) . 

It  follows  from  the  above  that  the  selection  of  a  system  for 
alloying  welds  which  would  make  welds  resistant  to  intergranular 
corrosion,  cannot  be  made  without  considering  the  effect  of  this 
system  on  the  over-all  corrosion  resistance  of  the  weld  compound. 

It  follows  from  the  data  shown  In  Table  56  that  in  constructions 
which  are  intended  for  work  In  acidifying  media,  alloying  welds  with 
manganese  and  tungsten  is  not  recommended.  Vanadium  decreases  the 
resistance  In  nitric  acid. 

Good  results  are  obtained  from  complex  alloying  with  vanadium 
and  niobium,  as  well  as  with  i^m  and  molybdenum .  if  the  concen¬ 
tration  of  the  latter  does  not  exceed  1^.  In  high  concentrations, 
molybdenum  has  a  very  negative  effect,  decreasing  the  corrosion 
resistance  of  the  weld  (Fig.  110) . 

Zirconium,  which  prevents  intergranular  corrosion,  unlike  titanium 
but  like  niobium,  somultaneously  somewhat  decreases  the  over-all  cor¬ 
rosion  of  welds  In  55%  nitric  acid,  ^f  the  weld  contains  0.4  to  0.8^ 

Zr  (according  to  calculation),  the  corrosion  rate 


does  not  inorease.  However,  if  th«  trald  contains  l»3jK  Zr  (according  to  oaleolatlon), 


the  corrosion  rate  increases  b>  a  factor  of  3* 

Eaperiaenta  have  shown  that  additions  of  email  amounts  of  lead  contribute  to 
some  increase  in  the  overall  corrosion  resistance  of  weld  eon^jounds  in  boiling 
6$%  nitric  acid. 


1 


0 


1 


0 


FLg.  110*  The  negative  effect  of  manganese,  tungsten  and  molybdenum  on  the 

over  “a  1  resistance  of  18>6  steel  velds  In  acidlf^ng  media: 

a)  weld  alloyed  with  vanadium  and  niobium^  b)  weld  alloyed  with  t\uigsten; 
c)  weld  alloyed  with  molybdenum  and  niobium;  d)  weld  alloyed  with  manganese; 

1  —  natural  state;  0  —  state  after  a  two>hour  tenqperlng  at  650^. 


It  haa  been  noted  that  ar  aanlc  and  suliTur  very  etrongly  decrease  the  overall 
chenLeal  reaistanee  of  welds  In  suUhrlc  add  media. 

The  nature  of  the  alloying  of  the  weld,  ^jparently,  has  a  certain  effect  on 

the  appearance  of  knlfe*line  corrosion  in  the  wdd  region  near  the  boundaries  of 
fusion* 


There  is  a  possibility  of  diffusion  of  certain  elements  from  steel  into 
the  weld  during  the  welding  process,  the  degree  of  diffusion  apparently 
depending  on  the  kind  of  alloy  of  the  weld  metal. 

The  effect  of  strain  hardening.  The  effect  of  strain  hardening  on 
the  orei^-all  conroslon  resistance  of  the  welds  depends  on  the  aggressive 
medium  in  which  the  welds  operate.  Together  with  N.  A.  Langer  and  A.  G. 
Potap'evskly,  we  found  that  cold  tensile  strain  has  practically  no  effect 
on  the  weld  resistance  in  nitric  acid,  Whereas  in  sulfxiric  acid  media, 
it  lowers  the  redsbance  considerably.  Corrosion  tests  were  carried  out 


in  6%  sulfuric  acid  solution  of  10>S  aluminum  of  weld  sajrples  which  had  | 


been  stretched  10$  (Table  6l). 


TABI£  61.  The  Effect  of  Strain  Hardening  by  Stretching  and 


of  Stabilizing  Annealing  on  the  Corrosion  Resistance  of  Welded 


Joints  Hade  of  IKhlSN^T  Steel  After  Bolling  for  ll4ii  hours  (Loss 


in  Wei^t  in  g/m^hour) 


Aggressive  medium 

Heat  treatment 

No  strain  hardening I 

After 

strain  hardening  10$ 

None 

2  hours 
at  650® 

None 

j 

2  hours 
at  650® 

3  hours 
at  850® 

3  hours  at 

850®  +  2  hours 
at  650® 

Nitric  acid 

0.097 

0.321 

0.096 

0.3U6 

0.072 

0.110 

Sulfturic  acid  solution 

0.319 

1.108 

1.107 

0.872 

0.166 

0.271 

III 


strain  hardening  ^  % 


tout  heat  treatment  stabHizin^  annealing 


Fig*  111.  Effect  of  strain  hardening  and  stabilizing 
.annealing  on  orer«all  corrosion  of  welds  in  aluminum 


sulfate  solutlm  la  sulfuric  acid 


For  conparieon.  Table  u.i  gives  the  results  of  tests  with  specimens  which, 


after  plastic  deformation,  were  subjected  to  stabilizing  annealing  (heating 
for  3  hours  at  850^} •  It  is  quite  clear  that  annealing  completely  neu¬ 
tralizes  the  detrimental  effect  which  strain  hardening  has  on  the  cor¬ 
rosion  resistance  of  welds  in  a  sulfuric  acid  medium. 

Figure  111  shows  the  photographs  of  specimens  stretched  UO^  prior 

to  corrosion  tests  in  sulfuric  acid  solution.  Within  2k  hours,  this 

weld  was  almost  conpletely  corroded  (Fig.  Ill  a) ,  with  a  loss  in  weight 
«  which 

of  32  g/m^our.  The  same  weld/^derwent  stabilizing  annealing  (8^0^  for 
2  hours)  after  having  been  stretched  UO^,  showed  hardly  any  corrosion 
(Fig.  Ill  b) ;  the  loSa  in  weight  was  almost  three  times  smaller  (up  to 
11  g/m^hour). 

Analogous  results-  were  obtained  in  corrosion  tests  of  specimens 
cut  from  the  8phez*ical^bottom  put  of  an  actual  structure  which  became 
strain  hardened  as  a  result  of  cold  stanping.  The  degree  of  deformation 
increases  with  the  distance  from  the  axis  of  the  bottom  to  its  edge; 
specimens  from  the  edge  of  that  bottom  part  have  shown  the  hi^iiest  degree 
of  strain  hardening.  Data*  given  in  Table  62  show  that  strain  hardening 


lowers  the  orer-all  corrosion  resistance  of  the  metal,  and  that  stabilizing 


annealing  eliminates  u.e  detrimental  effect  of  strain  hardening* 

TABLE  62.  The  Effect  of  Strain  Hardening  (Due  to  Cold  Standing} 

and  of  Stabilizing  Annealing  on  the  Corrosion  Resistance  of 

IKhlSN^T  Steel  in  Sulfuric  Acid  Solution  After  Boiling  for 

200  Hours  (Loss  in  Wel^t  in  g/m^hour) 

No.  of  specimens'*'’ 


Stabilizing  annealing 


No  7.0  8.2  10.5  12.0  -  16.0  19.5  25.8  25.5 

Yes  5.5  li.3  -  U.6  U.8'  Ii.8  3.8  U.2  U.7 


The  increase  In  the  No.  ^f  specimens  conresponds  to  the  increase 
in  degree  of  deformation. 

Our  conclusions  on  welds  and  austenitic  steels  (Fig.  112)  coincide 
with  data  in  the  literature  pertaining  to  the  base  metal.  Thus,  Uhllg 
points  out  that  strain  haI^ienlng,  while  influencing  the  corrosion  re> ' 
slstance  of  austenitic  steel  in  boiling  65^  nitric  acid,  can  bring  about 
the  intensification  of  corrosion  in  other  media,  e.g.,  in  media  which 
cause  pitting  corrosion*  Mon7penn7  /l92/  points  out  that  cold  deforma* 


Thus,  for  instance,  th«’  rate  of  corrosion  of  type  l8-8  steel  In  2$% 
sulfuric  acid  Increases  from  12  to  ^0  g/m^hour  after  20^  strain  hardening. 


Fig.  112.  Effect  of  strain  hardening  on  corrosion  resistance 
of  austenitic  steel  in  different  media:  a)  Khl8N12M2T  steel  in 
oxidizing  medium  {(>$%  nitric  acid);  b)  Kh23823M3D3  steel  in 
non-oxidizing  medium  (35^  sulfuric  acid). 


Section  10,  Transcrys tall tic  Corrosion  In  Welded  Joints 


of  Stable  Austenitic  Steels 

In  certain  aggressive  media,  corrosion  cracking  of  steels  under 

P 

the  influence  of  tensile  stresses,  so-called  "stress  corrosion",  has 
been  observed.  This  type  of  corrosion  usually  has  a  conposite  charac¬ 
ter,  l.e.,  the  corrosive  attack  occurs  bdth  along  the  grain  boundaries 
(Intercystallitic  corrosion)  and  across  grains  (transciystallitic  cor¬ 


rosion).  Stress  corrosion 


A'  volumlaous  literature  ie  devoted  to  the  subject  of  stress  corz*08lon  In  com¬ 
mon  struoturAl  steels*  Hie  problem  of  corrosion  cracking  of  austenitic  steels 
drew  attention  only  during  the  recent  years  /lOB  et  al/*  No  definite  inform- 
atlon  pertaining  to  the  stress  corrosion  of  austenitic  steel  welds  exists  In 
the  literature  which  is  known  to  us* 

a*  L*  Shvarts  /IhO*  HiV  has  established  that  the  austenitic  lEhl8N9T 
type  steel#  iriien  In  a  state  of  static  stress#  is  subject  to  corrosion  crack¬ 
ing  in  solutions  of  halogen  salts  (N^l^#  NI^Cl#  NaF#  and  other  salts)*  In 
the  presence  of  a  concentration  of  stresses#  the  cracking  sets  in  when  the 
tensile  stresses  are  near  the  yield  strength  of  the  steel*  !Ihis  steel  undeiv 
goes  cracking  of  a  confound  type#  with  a  predominance#  however#  of  intercryst- 
alline  cracks*  The  addition  of  halogen  salts  of  oxidants  NaNO^  and  K^Cr^O^ 
to  the  solutions  (0*01  N  solutions)  reduces  the  susceptibility  of  the  iShlSNpT 
type  steel  to  corrosion  cracking  under  stress  /2$$l » 

According  to  literature  data  the  transcrystalllne  corrosion  under  stress 


may  attack  chromium-nickel  austenitic  steels  which  become  subjected  to  the 
effect  of  hydrogen  sulfide  (H^S)#  molten  Fb— B1  eutectics#  as  well  as  of  water 
and  steam* 


assumes  that  the  transcryatalUna  cbrro^lon  hnder  stress  In^ 


E 


ohroniiuB-niekal  austenitic  steels  occurs  owing  to  the  preponderant  develop* 


ment  of  snail  quantities  of  quasinartensitej  which  is  formed  in  steel  under 

the  effect  of  plastic  defomation*  To  reduce  the  susceptibility  to  this  type 

of  corrosions  he  reconriends  either  «)  to  increase  the  stability  of  the  austen* 

Ite  by  raising  the  nickel  content  of  steel  to  13**lh^  (at  0*07^  C  and  18^  Cr)^ 

or  b)  to  decrease  its  stability  by  lowerlxligt  thd :  hidcel.  content  td  ?%»  The 

formation  of  large  quantities  of  quaslnartenslte  in  such  a  steel  is  probable* 

The  corrosion  spreads  along  the  martensite  sections  on  the  surface  of  the 

steels  without  affecting  the  metal  in  depth*  Linnert  is  of  the  opinion  that 

the  tvoophaee  (  ^  T  )  austenitic  steele  and  welds  ure  to  the  least  extent 

susceptible  to  the  transcrystalllne  corrosion  under  stress* 

One  of  the  most  recent  studies  points  out  that  corrosion  cracks  in  the 

sustenltlo  l6*d  type  steels  whloh  is  in  a  h2%  water  solution  of  udder 

2 

tensile  stress  almost  approaching  the  yield  strength  (from  28  to  35  kg/ma  )p 
nay  develop  at  a  rats  of  19  to  3  mm/hr*  Hoare  and  Hines  think  that  one 
abopld  resort  to  cathodic  protection  of  the  l8-d  type  steel  in  order  to  pre* 
vent  oorroeion  under  e trees*  They  deny  that  quaainartensite  plays  an  inport* 
ant  role  in  the  spreading  of  corrosion  oraoks*  Parkins  /2Ql/  bolds  that  the 
best  way  of  avoiding  this  type  of  corrosion  in  veld  oonpounds  (regardless  of 


steel  brand  or  type)  iei  m)  beat  treatment  -  to  relieve  etreasesj  and  b)  mod- 
Ifloatlon  of  the  system  of  atreaeee  which  act  upon  the  metalj  i.  e*«  to  re-> 
place  tensile  stresses  by  oonpresslon  stresses* 

The  causes  of  metal  corrosion  under  stress  are  not  yet  adequately  In- 
vestlgatedf  which  Is  eii9>ha8lBed  in  a  recent  monograph  by  0*  L*  Shvaz*t8  and 


M.  N.  Krlstal* 


NsvttrthAlMS  it  may  be  regarded  aa  being  eatablished  that  the  presence  of 


tenaiV  stresses  in  the  parts  of 'tbematal  facing  the  stress-producing 
agent  is  the  requisite  oondition  for  transorjntalline  corrosion  in  the  aus¬ 
tenitic  steels*  Nb  transorystalline  corrosion  Is  observed  in  the  presence 
of  compression  stresses* 

We  detersdned*  together  with  lb*  7*  Latash  and  N*  A*  Langer«  that  the 

resistant  austenitic  low-^oy  steels  (Kh23)l23H3D3,  Sh23N28M3D3«  Kh23IC8u2T} 

and  their  velds  arej  in  sulfuric  aeid>  subject  to  transcrystalline  corrosion 

due  to  the  surfaoe  eoag>ression  deforaation*  SsRqples  of  ^he  Kh23)123M3D3 

type  3*8  sn  thick  steely  20  Z  70  an  larger  vere  subjected  to  similar  corro- 
^(Table  63  L 

Sion  testify  the  steel  had  the  following  eheoical  conpositionr  0*06$ 

0*89$  Si«  0*33$  Kn«  22*25$:r,  23*38$  Nl,  2*85$  Cu^  2*80$  Mo^  0*010$  S,  and 
P  /77/. 

One  pert  of  tbs  saiqiles  vas  tested  in  natural  state^  the  other,  part  was 
subjected  to  surface  oold-harxlei^^  pneumatic  chisel  with  a  blunt  edge  and 
by  limning  prior  to  teats*  ill  saiqxlss  which  suffered  compression  deformation 
proved  to  bevadCfeoted  by  transcrystallins  corrosion.  (Fig*  ll^a)*  One  of  the 
«  !l!i  was  deteminsd  by  the  Z-rsy  analysis  method  that  the  ooiqtression  defona* 
ation  caused  stretching  stresses  in  the  surfaoe  layers  of  the  swtal* 


Table  63 


Results  of  10O»hour  boiling  of  cold-hardened  and  noivcold-hardened 


samples 

of  the  Kh23N23M3D3  (EI533)  type  steel  in  aulfurlc 

acid 

'  Senile 
character¬ 
istics 

. 

' 

Thermal  working 
before 

corrosion  tests 

..  ^ 

Presence  or  ^senee  of  traxiscrystanine  j 

corrosion  after  boiling  in  sulfuric  acid  | 

solution  1  solution  i  7$$  solxitlon  | 

In  . 

:  natural 

stats 

i 

None 

1  hr  soaking 
at  iiocr, 
water  qnenohing 

Absent 

i 

i 

i 

Absent 

1 

*  i 

1 

Absent  ! 

,  1 

i 

1 

2  hr  soaking 
at  eoaP, 
air  cooling 

«  1 

I 

j 

j 

9 

1 

1 

i 

1 

i 

After 
eold-^ 
i  hardening 
!  by  planing 

None 

1  hr  soddng 
at  nod®, 
water  quenching 

Present 

j 

Absent  1 

j 

' 

Pres^ 

Absent 

Present 

Absent 

1 

2  hr  soaking 
at  800®, 
air  cooling 

■ 

w  j 

j 

i 

j 

a 

j 

n 

sanqjles  was  platsd  by  different  processes*  One  half  of  Its  surface  was 
jected  to  planing  with  a  deeper  penetration  of  the  cutter  (inteivse  coiiQ>re8sion)4 
the  other  half  was  planed  by  taking  off  only  fine  turnings  (mild  caspression}* 
After  boiling  in  solution  of  sulfuric  sold  aid  naking  a  90°  bend  on  that 
port  of  the  sonple  surface  which  vas  strongly  oold-hardened«  large  corrosion 
cracks  eaerged  (Fig;*  UJa)* 


6^^ 


The  less  stirongly  oold>hardened  part  of  tha  saiiple  vas  covered  by  a  finer 
net  of  shallower  corrosion  cracks.  The  corrosion  deterioration  of  cold-hard¬ 
ened  steel  (Fig.  113b}  and  veld  metal  (Fig.  113e)  had  a  transcrystalline 
character. 


As  it  should  harve  been  expected,  no  transcrystalline  deterioration  was 

observed  during  any  of  the  tests  of  both  kinds  of  samples  (cold-hardened  and 

» 

non-cold^hardened)  in  H^SO^-f  CuSQ^  and  H^SO^  CuSO^-f  Zn  solutions  ,  conducted 
for  the  purpose  of  exposing  the  intergranular  corrosion.  It  should  be  noted 

that  ooiiq;>rea8ion  deformation  induces  in  addition  to  the  transcrystalline  de- 

Jd.gh-allcnt 

terioratlon  also  a  speedipg  vp  of  the  corrosion  process  of  the^ Hi23N2310D3 


type  steels  in  boiling  sulfiirlc  acid  (Table  6U). 


Eaperlnents  hare  shown  that  not  oxJj  the  Xh23ll23H3D3  (£1^33  )>  type  steel, 
btt’the  siBllav  Xh23N26K3D3  (EI629)  type  steel  with  c  higher  nickel  content 
(up  to  3Q^  instead  of  23^)  as  well,  is  also  susceptible  to  transcrystaOline 
corrosion  in  sulfuric  acid  as  a  result  of  oonqprs salon  deformation.  The  sane 


of  sine  powder  to  the  sulfuric  acid  solution  of  copper 


sulfate  to  expose  intergranular  corrosion  in  the  Kh23N23IOD3  and  in 


other  types  of  steel  was  proposed  by  the  NIIXhBOlASh  (Scientific  He- 


search  Institute  of  Chenlcal  Matidjiery). 


Table  dli' 


The  effect  of  compression  on  the  overall  chemical  stability  of 


the  Kh23N23M3D3  (EI^)  type  steel  in  boiling  sulfuric  acid 


i  Sample 
characteiv 

Beat  treatnehtj 

1  ■  ’ 

1  Loss  of  weight  after  100*hour  boiling  in  1 

sulfurio  aoidy  in  g/m^hr 

1  istics 

1 

t 

-1 —  ‘  -  I 

!  solution  1 

$0f  solution 

'  1 

75$  solution 

'  In 

natural 

None 

Qw565 

1  1 

0.650 

OJiOO 

state 

1  hr  holding 
at  llCXl°y 
water  quenching 

o»6ai 

0Jj37 

OJi73 

2  hr  holding 

at  800°y 

air  cooling 

0J;73 

0Ji37 

After 

oold<* 

None 

2.7li7 

1,600 

0.656 

hardening 
by  cam* 
presslon 

1  hr  holding 
at  iioa°y 
water  quenching 

^  0.382 

0.328 

2  hr  holding 
at  800°, 
air  cooling 

0.400 

0.800 

pertains  to  the  El62?  type  steel  welds*  At  the  sane  tine  the  Khl8l{28M3D3 
(EI53O)  type  steely  which  differs  fonn  the  EI629  type  steel  by  a  lower  cotw 
tent  of  ohrbmim  (18^  instead  of  23$)*  is  subject  to  this  type  of  corrosion 
detexloration  to  a  leader:  degree*  The  Kh23lC8M2T  (EI628)  type  steely  differ* 
Ing  fron  the  three  t^s  mentioned  above  by  the  absence  of  copper  oontenty  is 
also  susceptible  to  transorystaUlna  oorrosion  after  conpression  deformation 
in  3$X  aoGtubion  of  sulfurio  acid* 


L/3 


This  IxKlloates  that  the  presence  of  copper  in  the  El530f  EI533#  end  £1629 
type  eteela  Is  not  the  cause  of  the  susceptibility  to  transcrystiUine  oor- 
roeion* 

It  is  ijuposslble  to  a^ld  the  cold-hardening  and  the  transexystalline 
corrosion  susceptibility  idilch  it  causes  when  manufacturing  welded  apparatus 
from  austenitic  steels*  Stabilizing  tespering  (Table  62),  which  eliminates 
the  oonaequenoes.ef  ooldohsxdiinlhg  of  the  steel  and  of  The  veld  by  oon^resslon^ 
may  serve  as  one  of  the  ways  to  escape  this  type  of  corrosion*  Strictly  spealc- 
lng«  it  vculd  be  sufficient  to  use  only  hlgh-tenperature  tempering*  i*  e** 
heating  up  to  690-700°C*  to  eliminate  the  stresses  which  cause  corrosion  crack¬ 
ing*  Hoveveri  because  of  the  danger  of  appearance  of  Intergranular  corrosion* 
it  is  neoessaty  to  increase  the  tenperature  tf  heating  to  800-90o‘’c  (according 
to  data  of  Tu«  I*  XSmennov*  to  9$0^ 

11»  Resistance  of  Welded  Jothts  6f  Austenitic  Steele  to  Intergranular 

and  to  Over-all  Oas  Corrosion 

M  voluBdLnous  literature  is  devoted  to  the  problems  of  scale  resistance* 

The  theorstioal  bases  of  oxidation  of  metals  are  set  forth  in  the  works  of  V* 

^ae  corroeiott^ 

I*  jUrlduorov  /6/  and  of  others  /h6/m  Vaarious^^teat  methodls*  providing  for  tests 
ndt  ohlly  df  non-losdedi  saaples*  but  of  sapplas  which  are  under  effect  of 


dynamic  loadaj  are  developed  In  A39/*  The  teats  are  conducted  in  oxidizing 


and  in  reducing  media*  In  recent  times  the  conduct  of  experiments  in  those 

media,  in  which  the  alloy  is  intended  to  operate,  is  preferred*  In  connection 

with  the  development  of  gas  txirbine  technology  great  attention  is  being  paid 

to  the  problems  of  gas  corrosion  in  fuel  cooibustion  products,  and  particularly 

in  media  containing  vanadium  pentoxlde,  which  is  encountered  in  many  kinds  of 

.jaf  welded  iointy. 

liquid  fuel*  The  literature  on  the  problem  of  scale  resistance' is  unfortiw 
nately  extremely  scarce*  Of  the  studies  known  to  us,  the  article  by  Pllarzyk, 
Staub,  and  Sniegon  should  be  mentloned./^8/*  These. researchers  conducted  gas 
corrosion  tests  of  welded  saii9)lBS  of  the  25-20  type  steel,  placing  them  for  a 
period  of  90  hours  into  a  furnace  through  which  ox^n,  at  1100*^0,  was  blown* 
It  proved  that,  in  addition  to  the  over-all  gas  corrosion,  1*  e*,  the  scaling, 
WMBWHMIiy  the  intergranular  corrosion  (oxidation  of  the  grain  boundaries) 
also  takes  place*  The  esqperiments  have  shown  that  the  veld  is  superior  to  the 
base  metal  in  resistance  to  oxidation  of  the  grain  boundaries* 

The  scale  resistance  of  the  austenitic  steel  welded  Joints  depends  pri¬ 
marily  on  the  chemical  conposition  of  the  veld*  Among  the  nuniber  of  elements 
wbich  are  used  for  wi2d'matl£L?ldl0^1ng  in  welding  of  atwtenitio  steels  oaily 
vanadium  cansea  a  shazi;^  drop:  in  scale  resistance*  Other  metals  (tungsten. 


Manganese  A  molybdenum)  have^  according  to  our  data^  praetloalljr  no  effeot  on 


the  scale  resistance  of  the  25-20  type  steel  welds*  Chromium*  siT^^^on*  and 
alumlnun  boost  the  scale  reoLstanee  of  the  welds* 


The  negative  effect  of  vanadium  can  be  judged  from  the  following  results. 


pieces  of  experimental- welding  wire  made  of  Kh25Nl5(170  steel,  prepared  for  us  on 
request  by  the  "Electrostal”'  plant  (0»2l!^  C,  0»21^  Si,  7*37^  26»20^  Cr, 

Ni,  O.OlW  S,  0,006;^  P  and  2.18?  V),  were  heated  at  1100°C  in  air.  After  twenty  hours 
of  heating  the  wire  was  covered  with  a  thick  coat  of  scale  (Fig,  lllja),  and  after  100 
hours  at  1100®C  it  had  completely  turnei  into  scale  (Fig.  ll'iaj.  Butt  welds  were 
made  under  flux  in  Kh23i*rL8  (SI)il7)  steel  6  mm  thick,  containing  various  ar-iounts  of 
vanadium  (Table  65). 


Fig.  iDt.  Effect  of  vaiiadium  on  scaling  when  heated  an'-*  held  at  111D0°C: 

a)  Kh25i'Jl5'j7F  austenitic  wirej  b)  25-20  steel  welds  alloyed  with  vs-nadium;  from 
left  to  rimht:  before  heating;  after  5  hours  at  1100°C;  the  same  with  icsle  removed. 


TABLE  65 


Chemical  Composition  of  Kh23Nl6  (Ellil?)  Steel  Welds  Further  Alloyed 

with  Vanadium 


No.  of  weld 

Chemical  composition  of  weld  in  % 

C 

Si 

Mn 

Cr 

Ni 

V 

1 

0,13 

0.50 

3.2li 

25.3 

18.3 

0.67 

2 

*  0.13 

0.7U 

1.65 

22, h 

18.2 

l.U 

3 

O.lli 

0.76 

1.70 

22.0 

1 

16.8 

3.50 

The  welded  eemples  were  heated  at  UOO^C  In  air.  After  7  hours  holding  noticeable 
scale  appeared  on  the  welds  In  the  seueples  of  the  first  series  (0,67%  V),  After  300 
hours  of  heating  the  scale-formation  rate  on  the  weld  became  stable,  but  oxidation 
of  the  weld  was  still  more  rapid  than  that  of  the  steel.  In  the  samples  of  the  second 
seid-es  (l.l4lyl!  V),  scale  3  to  U  mm  in  height  appeared  after  100  hours  of  heating.  In  the 
ease  of  the  welds  of  the  third  series  (more  than  3^  V),  the  coating  of  scale  attained 
15  mm  after  $  hours  of  heating  at  1100°C  (Fig.  UU  b);  over  this  period  the  weld  thinned 
out  from  6  to  2.5  im  ~~  inore  than  half  tiie  original  &lze  (Fig.  Uhb).  Vanadium  should 
not  be  used  in  large  concentratAons  for  alloying  welds  Intended  for  operation  at  such 
high  temperatTires  (above  900^0}^.  At  lower  temperatures  (600  to  7$0°)  vadanium,  as  is 
known,  Is  useJ[^to"aii)y*  ’^ea^-NS^fstant  austenitic  steel  welds.  Scientific  literature 

I 

on  the  subject  of  scale-resistance  in  high-alloy  steels  and  alloys  also  points  out 
the  adverse  effect  of  vanadium.  Sykes  and  Shirley,  for  example,  quote  data  to  the 
effect  that  the  presence  of  vanadium  pentoxlde  (V^O^)  In  a  gaseous  fluid  causes  very 
strong  gas  corrosion  of  austenitic  steels  at  l^OPO,  The  loss  in  weight  of  2^-20  steel 
over  a  period  of  twenty  hours,  for  example,  amounted  to  20  mg/an^. 

Berry  and  Fontana  point  out  that  alloys  containing  molybdenum,  tungsten  and  vanadium 
oxidise  very  rapidly  when  they  come  Into  contact  with  a  gaseous  fluid  containing  the 
oxide  vapors  of  these  elements.  The  vanadium  oxides  have  a  particularly  strong  effect. 
Stainless  chromium  steel  containing  Z%  vanadium  oxidizes  at  870  to  900°C  ten  times 


mpre  rapidly  than  ordinary  unalloyed  carbon  steel* 

r 

Fitser  together  vlth  Wetternik  advocate  protection  of  austenitic  steels  from 
gas  corrosion  in  the  presence  of  vanadium  oxides  by  coating  their  surfaces  with 
slUon. 

Drexon,.  Slander,  Harder  and  Cowe  tested  cast  samples  of  chromium-nickel 
austenitic  steels  for  gas  corrosion  at  600  to  lOOO^C.  They  note  that  the  alloy 
28Cr  -  9Ni  was  the  best.  When  the  nickel  content  is  high,  the  corrosion  rate  in  a 
fluid  containing  sulfur  Increases.  Silicon  and  aluminum  slow  down  the  corrosion  rate 
and  molybdenum  and  vanadium  step  it  up  slightly.  Thus  the  general  opinion  is  that 
vanadium  accelerates  gas  corrosion*  As  far  as  we  are  aware,  /2l/  is  the  only  work 
which  states  that  a  content  of  up  to  vanadium  has  no  effect  on  the  scale-formation 
of  iron  alloys* 

If  there  are  sulfur  compounds  present  in  a  gas^apus  fluid,  austenitic  steels  may 
be  affected  l^y  intergranular  corrosion.  As  is  known,  the  cause  of  this  kind  of 
corrosion  is  penetration  b/  a  low-melting  sulfide  eutectic  (probably  formed 

ty  the  interaction  of  nickel  and  sulfHir,  along  the  grain  boundaries  into  the  metal* 

According  to  Yu*  I*  Kaaennov,  vanadium  causes  point  gas  corrosion  in  16-8  steel 
welds  at  6$0  to  700°C* 


Tu,  V.  Ruin7ant8ev  and  D,  M.  Chizhikov  /115/  point  out  that  the  temperature  at  which 


there  is  intensive  interaction  between  nickel  and  sulfur  dioxide  lies  between  U60  and 
ii70OC,  The  reaction  can  be  basically  represented  by  the  equation 

7Ni  +  2S02  5=±  Ni3S2  ♦  IjNiO  (l8). 

The  maximuTTi  depth  at  which  the  reaction  occurs  is  reached  at  600  to  800°C;  a  further 
increase  in  temperature  inhibits  the  process. 


Fig,  115.  Intergranular  gas  corrosion  at  1100°C  caused  by  sulfur: 
a)  Kh23Nl8  steel  (I30  x);  b)  Kh23Nl8  steel  weld  (130  x). 


The  development  of  intfij^ranuler  sulfide  corrosion  is  undoubtedly  aided  by 
tensile  stresses  and  the  effect  of  adsorption  reduction  of  the  strength  of  austenitic 
steel  /112/«  The  more  nickel  there  is  in  heat-resistant  steels,  alloys  or  velds,  the 
greater  the  danger  of  Intergranular  gas  corrosion  occurring  in  an  atmosphere  contain¬ 
ing  sulfur  compounds.  Preference  should  therefoz*e  be  given  to  steels,  alloys  and  welds 
In  which  the  nickel  ecntent  has  been  reduced  to  minimum. 

In  collaboration  with  N.  A.  Larger,  we  tested  welded  samples  of  Kh23Nl8  (Elhl?) 


steel  for  intergranular  gas  corrosion  by  a  speeded-up  method.  The  welded  samples 


were  placed  In  «  porcelain  tiibe  in  a  Silit  fiirnaee  at  a  temperature  of  llOO^C*  When 
the  given  teiiQ>erature  wae  reached^  a  porcelain  boat  containing  a  laeaeurad  amount  of 
powdered  aulfur  is  placed  in  the  tube  with  the  aaiqiile*  The  sulfur  ignites  and  the 
atmosphere  beoonea  saturated  with  sulfur  dioxide*  After  a  brief  period  at  1100*^C  in 
this  atmosphere  the  samples  are  taken  out  and  microseotions  are  prepared  (the  heating 
time  depends  on  the  amount  of  sulfur  burned  and  the  test  teiqwrature)*  Tbe  penetra- 
tion  of  the  sulfur  dioxide  into  the  metal  can  easiljr  be  seen  on  unetohed  sections 
(the  eutectic  is  colored  light  brown).  Given  invariable  test  conditions,  the  resist- 
anee  to  intergranular  gas  corrosion  is  determined  by  the  depth  of  penetration  of  the 
euteetio*  In  our  experiments  the  machine  welds  (Fig.  115b)  were  not  inferior  in  gas 
oorarosion  resistance  to  the  base  metal  —  25-20.  steel  (Fig.  Il5a)*  The  experiments 
proved  that  partial  replacement  of  nickel  by  manganese  improves  corrosion  resistance; 
this  is  probably  due  to  an  increase  in  the  solidification  point  of  tthe  sulfide  eutectic* 
During  the  test  methods  described  the  weld  is  subject  to  more  difficult  con¬ 
ditions  ^n  the  steel,  since  it  has  a  directional  structure  while  in  steel  with  equi¬ 
axial  grains  the  eutectic  spreads  sideways,  and  not  only  inwards  as  in  the  steel*  In 
order  to  make  the  conditions  equal  for  the  weld  and  the  steel,  the  sulfur  has  to  be 
placed  in  the  porcelain  tube  at  least  one  boor  after  the  heating  of  the  sanple,  by 
which  time  the  reerystallisation  has  taken  place  and  the  acicular  crystals  in  the  weld 
hsve  given  place  to  equi-axial  grains* 


On  page  2U2  we  stressed  the  fact  that  attention  should  he  given  to  tests  of  . 
welded  joints  for  corrosion  under  working  conditions.  Buring  the  years  19^U  and  19^5 
the  Institute  of  Electric  Welding,  In  collaboration  with  the  Stalingrad  branch  of  the 
State  Design  and  Scientific-Research  Institute  for  Petroleum  Machinery  and  the  Ufa 
Petroleum  Research  Institute^ car rled  out  tests  for  corrosion  on  lKhl8N9T  steel  welded 
samples  at  the  Novo-Ufa  oil  rrflnery  under  conditions  Involving  the  refinement  of 
sulfur-containing  oil.  These  tests,  like  those  carried  out  by  the  Institute  of 
Eleetrie  Welding  in  19^6-1957  together  with  the  Stalin  chemical  combine  In  Dlmitrovgrad 
(Bulgarian  People's  Republic)  during  the  production  of  nitric  acid,  showed  that  two- 
phase  welds  alloyed  with  silicon,  vanadium  and  niobium  possess  excellent  corrosion- 
resistance  In  the  fluids  mentioned.  The  results  of  the  laboratory  tests  tallied  well 

4'  . 

with  the  tests  eai;jried  out  under  working  conditions  /2U7/. 


Chapter  VI 


MECHANICAL  mOPERTIES  OF  T-ffilDED  JOINTS  OF  CIIROMIUII-HICKEL 


AUSTEtJrnC  STEELS 


Hie  mechanical  properties  of  welds  imist  answer  different  requirements,  depend¬ 
ing  on  vox^dLng  conditions.  Hie  realizatim  of  the  prescribed  mechanical  qualities 
of  a  welded  joint  is  achieved  bF  pz^er  aUoying,  heat  treatment  and  welding  tech¬ 


niques. 


1.  Effect  of  allc 


microstructure, and  test  tenmeratures  on  the  mechanical 


aroperties  of  welds  of  austenitic  steels 


Welds  of  chromium-nickel  austenitic  steels,  possessing  a  two-  or  multiphase 

structure  M,and  others),  appreciably  surpass  single-phase  welds 

to  them 

in  point  of  tensile  strength,  but  are  inferior^in  that  of  ductility.  For  this  rea¬ 
son,  the  effect  of  alloying  elements,  heat  treatment,  plastic  deformation  and  other 
factors  on  the  mschaxiical  propertieS  of  the  weld  are  largely  determined  by  the 
structural  changes  riodMesd  by  these  factors  in  the  weld  metal. 

Mechanical  properties  of  welds  of  austenitic  steels  at  room  temperature.Ferrite¬ 


forming  elements,  acting  jointly  or  separaU^y,  enhance  both  the  ultimate  and  the 
creep  strength  of  the  weld,  but  reduce  its  elongation  per  unit  length,  relative 


coi^essibility  and,  sometimes,  its  iiq>act  strength. 


The  effect  of  niobium  and  titanium  is .  characterized  ^  the  data  in  Tables 


66  and  67* 


Table  66 

Effect  of  nioblm  on  the  mechanical  properties  of  the  metal  of  automatic  welds 

I 

On  l8-d  type  steel 


i 


Niobium  content 

Creep  strength 

Ultimate 

Elongation 

Contraction 

Bpact  strength 

of  weld^in  % 

2 

in  kg/m 

strength 

in  kg/m^ 

per  unit 

length  ,5  ' 

per  unit 

length,  % 

in  kgn/cm^ 

None  .  . . . 

23.9 

58,7 

73.$ 

61.U 

16.7 

Aipprox, 

26.$ 

1 

61.U 

$9.0 

38.6 

6.9 

liA 


m 


Table  67 

Effect  of  ti-tanium  on  the  mechanical  properties  of  the  metal  of  aiitoma'M.c  wdds 

on  18-8  type  steel 


Ultimate 

Elongation 

Contraction 

strength 

per  unit 

per  unit 

in  kg/ram^ 

length,  % 

length,  % 

$8.8 

73.5 

61.U 

59.U 

$2.0 

36.1* 

Titanium  acts  unfaTorably  on  the  plastic  properties  of  the  weld  metal  (  see 
Table  67)  j  but  less  Intensively  than  niobium. 

Silicon,  aluminum,  vanadium,  molyfadenun  and  other  ferrite-foimting  agents,  as 
distinot  trm  ferrite-carbide  forming  elements  (  niobium  and  titanium,  and  also 
zirconium) ,  enhance  the  tensile  strength  of  austenitic  welds  of  18-8  type  steel 
without  appreciable  i]q)alnoent  of  their  duotilily  in  the  natural  state,  that  is 
after  welding  without  heat  treatment  (see  Table  68).  A  like  action  on  18-8  steel 
velds  is  produced  by  chromium. 

It  is  worth  noting  that  ferrltizing  admixtures,  except  nlobiim  and  titanium, 
do  not  have  a  perceptible  effect  on  the  ingiact  strength  of  18-8  type  weld  metal 
in  its  natural  state  at  room  temperature.  Houever,  all  ferritlzers  eewseitc  redu¬ 
ce  ijipaot  strength  at  sub-zero  teD^wratures  in- case  the  weld  has  a  two-phase  ^-{-8 
structure  (see  below). 

Chromium  enhances  the  tensile  stre^th^  but  lowers  the  ductilily,  of  2$-20 


type  welds,  !Ilms,  with  an  increase  in  t}ie  chroisLuni  content  fro^2^  to  30  ^ 

the  elongation  per  iinlt  length  of  the  weld  metal  diminishes  from  UO  to  20  or  by 


one^liolf  • 


Table 

Mechanleal  properties  of  welds  of  18-8  type  steels  containing  ferritlzers 


68 


Denomination  of 
ferritizer  intro¬ 
duced  and  its  con 
centratlon  in  the 
weld^  in  a 

- 

Creep  strength 
in  kg/mm^ 

Ultimate 

strength 

2 

in  Iqg/mm 

Elongation 

per  unit 

length,  % 

Contraction 

per  unit 

length,  % 

Bpact  strength 
in  kgm/cm^ 

None,,, . 

2U.7 

59.8 

52.0 

1*3.5 

13.1 

Silicon  1,5  %  ••• 

28.3 

65.0 

U8.7 

ia.o 

- 

SUloon  1,9  %  ••• 

33.6 

69.2 

61.3 

62.3' 

17.9 

Vanadim  1,2  % 

27. k 

60,5 

65.9 

55.6 

- 

Vanadium  1,9  % 

ho. 6 

72.5  * 

li5.0 

55.6 

13.9 

Chromium  21,$%  ,, 

30.0 

6UJ^ 

1j5.0 

1*8.6 

12*,1 

Silicon  1,2^  '' 

• 

Vanadium  1,0 

► 

38.9 

67.0 

1*6,7 

51.0 

12.5 

Niobium  0,8  j 

The  ore^  and  tensile  strengths  Increase  conparetlTely  little.  Fig  56  exhibits  a 
jdiotograph'  of  one  of  Gagarin's  sainples  cut  from  a  weld  with  32  %  chromitim  content^ 


which  failed  of  brittleness  during  stretching.  The  cause  of  the  brittleness  was 


the  foxnatlon  of  the  -phase  during  the  velding  process 


Phosphorus  adversely  affects  the  msohanlcal  properties  of  2^-20  steel  welds » 
particularly  when  acid  fluxes  or  coatings  are  used.  ThuSf  for  example,  Increasing 
the  phosphoros  content  from  between  0.015  and  0.0185  to  0.0355  and  using  add  elec¬ 
trodes,  deexeases  the  elongation  per  unit  length  of  the  weld  metal  from  UO  to  205 
A58}  160/.  In  welding  with  base  electrodes,  a  coinparabls  sharp  decline  in  the 
ductility  of  the  weld  is  caused  by  a  substantially  greater  phosphorus  content 
(0.0505)  A^/«  Slllccn  affects  25-20  steel  welds  the  same  way  as  phosphorus. 

In  18-8  steel  welds  silicon  Is  conducive  to  the  formation  of  ferrite,  and  conse¬ 
quently  strengthens  the  weld  metal.  In  25-20  steel  welds,  silicon,  as  pointed  out 
in  Chapter  It,  causes  macroscopic  and  microscopic  cracks.  Impairing  the  ductile 
and  tensile  strength  of  the  welds.  Phosphorus  has  the  same  effect.  In  order  to 
estimate  the  Joint  effect  of  P  and  Si  on  25-20  steels  welds.  It  Is  recommended 
A60/  to  use  the  empirical  foxmula 

p  «  p  o.oU  (Si  -  0.255) 

0 

where  P  Is  the  equivalent  phosphorus  ccmtent,  and  P  and  SI  are  the  actual  con- 
centrations  ot  phosphorus  and  sillcmi  In  the  25-20  steel  weld. 

If  P  in  the  weld  Is  Increased  from  0.025  to  0.0505,  the  elongation  per  unit 
decreases  by  •  factor  of  U  (from  1x0  to  105).  At  the  same  time,  due  to  the  appearance 


of  microscoplo  oraeksy  the  ultimate  strength  Is  reduced  bf  a  factor  of  2,  l.e.y 
from  6b  to  33  kg/nn^*  3h  18-6  ste^  welds  phosphorus  has  a  different  effect  than 
in  high-nickel  weldSy  and  its  adverse  effect  diminishes  as  the  ferrite  content 
in  the  veld  increases*  In  20-10  steel  velds  idtlch  have  an  au6tenitlc-fen*lte 
structure^  an  increase  in  phosphorus  content  from  O.ObO  to  between  0.1$  and  0.17^ 
has  virtually  no  effect  on  the  mechanical  properties  according  to  the  data  of 
some  r'isearchers*  As  was  shewn  in  chapter  Uy  In  thie  ease  phosphorus  does  not 
cause  cracksy  since  the  presence  of  the  -phase  In  the  weldy  due  to  a  high  rela¬ 
tively  high  chromium  and  nldcel  contenty  may  also  cause  the  phosphorus  to  have 
a  ferrl Using  effect*  In  l8-8  steel  welds  hot  cracks  will  only  occur  when  the 
phosphorous  content  reaches  about  0*6^y  whereas  in  2;$6SO  steel  velds  hot  creeks 
are  found  when  it  reaches  only  Q*0b5^* 

Tungsteny  like  other  ferritlzersy  strengthens  the  weld  metal*  Both  tungsten 
and  vanadlV  have  a  beneficial  effect  on  the  mechanical  propertiss  of  25-20  steel 
veldSy  whose  tensile  strength  increases  without  loss  of  dxetility  (Table  69)* 

Mbiyfadenum  has  a  beneficial  effect  the  lAechanical  properties  of  welds  of 

austenitic  steels.  Sxtensive  use  is  made  abroad  of  electrodes  made  of  l8-6  steel 
with  molybdenum  in  order  to  inprove  the  weld  metal  ductility  of  both  acidproof 
and  heat-resistant  steels*  The  ETI-5  electrodes  devised  Iqr  0*  L*  Petrov  and  V* 

V*  Xyrehenov  A02/  which  are  well-known  In  the  USSRy  as  well  as  those  recotmnended 


t>7  Y«*  V*  Sc^olov  /HT/f  V*  V*.Ardentov  and  others  /2}\xf ,  are  also  intended 


for  the  alloying  of  welds  with  molybdenum  on  steels  lacking  this  element* 
Additional  alloying  with  molybdenum  imppoves  the  plastic  properties  of  the 


w«ld  metal  in  manual  are  welding  of  Khl^l2H3T  steal t  the  ultimate  strength 

Increases  from  between  ItU  and  51  to  betaraen  53  and  56  kg/nn^,  the  elongation 

per  unit  from  between  16*5  and  UO«0  to  between  U3«5  and  U5»0f  and  impact  strength 

from  between  9*0  and  13*li  to  between  13*2  and  lli*3  kgnv^em^  A32f  133/* 

--  Table  69 

Effect  of  tungsten  and  vanadium  on  the  mechanical  properties  of  weld  metal  of 

type  25-20  steels 


Chendeal  composition  of  weld  metal  in  % 

Mechanical  properties  of  weld  metal 

Carbon 

Sili¬ 

con 

lianga- 

nest 

Cbro- 

iniun 

Nickel 

Tung¬ 

sten 

Vana¬ 

dium 

kg/nitt^ 

kg/mm^ 

r>  in 

s 

in  % 

0.19 

0.U8 

U.O 

2U.5 

17.5 

- 

- 

31.8 

58.2 

U9.0 

57.8 

0.20 

0.37 

U.0 

25.0 

17.0 

1.0 

- 

31,8 

59.U 

51t.3 

59.9 

0.20 

0.19 

6.0 

2U.0 

15.8 

2.0 

- 

U7.7 

76.0 

U2.0 

U3.5 

0.19 

0.U7 

U.8 

25.1 

18.U 

1 

- 

0,93 

37.U 

68.5 

53.3 

51.0 

Austenltlaers  are  helpful  in  iii;>roving  the  plastic  properties  of  welds,  \uiless 


their  introduction  entails  hot-crack  formation.  For  eocant^e,  in  a  weld  of  type  16-8 
steel,  perfoxned  with  a  rod  of  brand  SvsOKhl8H9  9ui  Increase  in  the  nickel  concentra¬ 
tion  tron  8  to  11  ^  causes  a  decrease  in  ductile  strength  due  to  the  formation  of 

similar 

nlcroseqpio  cracks.  On  the  other  hand,  a  increase  in  nickel  content  with  the 
addition  of  20  to  25  $  dircnaium  does  not  iapalr  the  mechanical  properties  and  may 
sven  enhance  the  ijiq;>aet  strength  of  the  weld  metal. 

Manganese,  bgr  reason  of  its  ability  to  bind  sulfur  and  Inhibit  the  hot  brittleness 


of  welds,  increases  their  ductlliiy.  This  Is  evident  from  the  etxanqjle  of  manually 
performed  velds  of  type  2^>20  steels  (Table  70}  •  Nickel  and  manganese,  uhilo  enhan¬ 
cing  the  ductility  of  welds,  have  practically  no  effect  on  the  tensile  strength  in- 


dievs  of  the  veld  metal. 


Table  70 


Effect  of  manganese  on  the  plastic  properties  of  veld  metal  on  iype  2^-20  steel/l^/ 


Manganese  content  in  % 

Per*  unit  elongation  over 

a  length  of  2"^  in  ^ 

Contraction  per  unit  length 

in  i» 

0.93 

3I;.0 

38,0 

1.68 

38.0 

U2.5 

2.16 

38.0 

U7.0 

2.93 

39.5 

li8.5 

in  Inoraase  In  toe  manganese  content  in  automatic  welds  of  this  type  to  between  6  and 


8  %  ensures  the  following  tensile  and  ductile  strength  indices  In 
these  welds,  vis, t  )e%/TaB^\  ($  ^^^8*0  kg/mm^j 

A 

^^l6  kjgp^om  • 

«a 


1.33 


0.  A*  Ukolor  notes  that  in  velds  of  type  18-8  steel  vlth  2  to  ^  nol^bdenisn 
aaaganese  *  apprediably  in^roves  *  the  mechanical  properties  of  the  veld  metal 


(Ttble  71)*  The  sane  applies  also  to  mol;7bdanun  /133/* 


Table  71 


Effeot  of  nar^anese  on  the  mechanical  properties  of  the*  metal  of  mantial  welds 

of  igrpe  18-13  steel  vith  mol^rbdenum  /133/ 


With  or  vithoat  additional  suAgittese  dg  in  Jcg/m^  in  kg/m^  8^  in  ^ 


of  veld  metal 


Without* 


With, 


12.0—23.0 

32.0— lj6.0 


Ihe  positive  effect  of  manganese  in  the  given  ease  is  apparently  lixiked  with 

the  elimination  of  miorosoopio  hot  cracks  . .  due  to .  sulfur. 

Copper  has  virtually  no  inflxienee  on  the  mechanical  properties  of  velds  at  room 

tenperatore*  Some  reseazvhers  hold  the  view  that  copper,  being  an  austenitizer,  vea- 
^th^ 

kensyo«iphase  formation  : and  asibrittlenent  in'  austenitio-farritic  welds  at  hi^ 
temperatures*  However,  recent  investigations  have  proved  that  copper  has  no  effect 
on  the  rate  and  intensity  of  d«pbas«  fonnation  in  welds  of  tgrpe  16-8  steels  with 
silioon  and  niobium,  but  seems  to  contribute  to  the  embrittlement  of  type  2^-20 
steel  velds*  Augmenting  the  copper  content  in  welds  of  Xh23N23K3  steel:  renders  them 
susoeptlbls  to  superheatingt  the^plastio  properties  deteriorate  due  to  the  precipitation 
of  the  euprous  eseeec  phaae  aleng  thet.  grain  henndarfes*  An  Analogous  phenomencn 


1.3 


vas  discovered  b7  Tu«  !•  Kazennov  in  welds  of  Khl8N28M3D3B  steel* 

The  effect  of  carbon  on  the  mechanical  properties  of  welds  of  aus¬ 
tenitic  steels  is  associated  with  its  influence  on  the  microstructure* 

In  tjHPS  2^-20  weldSf  as  was  mentioned  above,  an  increase  in  the 
carbon  content,  without  changing  the  silicon  content,  leads  to  the 
prevention  of  hot  cracks  and  thereby  contributes  to  greater  tensile  and 
ductile  strength  of  the  weld  metal*  According  to  data  contained  in 
literature  on  the  subject,  in  manual  welds  of  t^e  15-35  steel  an  increase 
In  osrbon  content  from  0*05  to  0*20J(,  given  a  Si  content  of  O.U  to  0*6^, 
doubles  the  elongation  per  unit  (from  l8  to  38^)  and  Incz^ases  the  ultimate 
strength  from  U?  to  58  kg/mn^*  A  further  increase  in  the  carbon  concentration, 
for  example,  from  0*20  to  0*30^,  leads  to  the  appearance  of  primary  carbides 
and  increases  the  ultimate  strength  to  72  kg/mn  with  a  simultaneous  decline 
of  the  elongation  per  unit  length  to  between  20  and  25^*  Data  to  the  same 
effect  are  given  in  ref.  /239/* 

The  beneficial  effect  of  an  increased  carbon  content  on  the  mechanical 
properties  of  austenitic  welds  of  type  25-20  steel,  performed  automatically 
under  flux,  is  illustrated  by  the  data  in  Table  72  (by  conparlscn  of 
welds  1  azKi  3)«  The  data  pertaining  to  welds  1  and  2  demonstrate  the 


m 


advwsf  effect  of  silicon. 


If  the  carbon  content  in  welds  of  2^-20  steel  is  raised  to  between 


0,2?  and  0.30^,  the  impact  strength  of  the  weld  metal  in  as-welded  state 

2 

le  tron  20  to  26  kgn^om  • 


Table  72 


Effect  of  carbon  and  silicon  on  the  mechanical  properties  of  the  veld 


metal  on  type  2^-20  steel 


Ccntent  in  weld  metal 

in  % 

(3a  In 
kg/nrni^ 

<5^  in 
kg/mm^ 

in  ^ 

(|)in^ 

Condition  of  surface  of 

Gagarin's  samples  after 

testing 

Carbon 

Silicon 

0,06 

0,31 

33.6 

51.3 

21.3 

26,1* 

Transverse  tears  (Fig,56) 

0.07 

0.73 

31.8 

1*9.0 

35.0 

30.6 

0.35 

0.30 

33.6 

61.U 

38.3 

1*U.5 

No  tears 

of 

However,  heating  such  welds  at  700  to  900^^7  even  for  a  short  time  leads  to  a.  sharp 


the 

fall  la  Ispaot  strength  due  to  abundant  formation  of  seoondaxy  oarbldes  on  the  grain 
boundaries.  Thus,  heating  for  two  hours  at  800°C  lowers  the  weld,  impact  strength 
from  2U*9  to  7*6  kgV^m^* 

In  velds  of  type  18«i8  steel,  carbon  seldom  reaches  a  high  enough  concentration 
to  cause  the  appearance  of  prlmaxy  carbides.  Here,  the  effect  of  carbon  on  the  mecha« 
nical  properties  may  become  apparent  in  the  embrittlement  of  the  weld  metal  as  a 
consequence  of  the  precipitation  of  secondary  carbides  along  the  austenite  grain 
boundaries,  A  weld  of  'type  18«^  with  an  increased  carbon  content  (approsdLnately 
0,17  %)  WM  performed  under  oonditions  of  decelerated  coolingt  the  steel  was  pre> 
heated  vp  to  1400%  and  the  welding  was  performed  with  a  flux  backing,  Ihe  action 
of  the  erltiesl  temperatures  led  to  the  precipitation  in  the  weld  of  an  excess  pha- 


86  consisting  of  chromium  carbides  and  secondazy  ferrite,  lowering  the  plastic  pro- 
parties  of  the  veld.  After  hardening  for  austenite  the  weld  regained  its  ductility 


'  (Table  73). 

Table  73 


Structural  condition  of 

weld  metal 

2 

Inpact  strength  in  kgn/cro 

at  a  temperature  (  ®C) 

Remarks 

-4i0 

+20" 

Austenite  plus  carbides 

3.8 

5.3 

Natural  condition  after 
welding 

Austenite  . 

13.1» 

lli.O 

Hardening  for  austenite 

It  should  be  noted  that  the  is^act  strength  index  of  the  weld  metal  ^  auste- 


a 

xiltlc  steely  determined  from  sauries  with  Hesnager  notches,  depends,  other  conditions 
being  equal,  on  the  care  taken  in  cleaning  the  notch  bottom.  Indeed,  with  thoroxzgh 
polishing  aimed  at  reno'ving  the  hardened  metal  layer,  the  impact  strength  index  ob¬ 
tained  aaflr-be-found  to-be  20  to  25  ^  higher  as  conpared  to  unpolished  sanples. 


Lit 


In  this  connection,  it  is  api^roprlate  to  emphasize  that  the  character 


of  the  micros truoture  under  the  notch  has  a  great  effect  on  the  ijqpaot 

strength  indices*  This  is  indicated  by  test  results  obtained  with  specimens 

cut  out  trm  a  cUd-^t^el  weld  Joint,  consisting  of  low-carbon  St. 3  steel 

clad  with  stainless  lKhlQN9T  steel  (Fig.  116)*  In  the  first  sexles  of  specimens 

the  notch  was  situated  on  the  side  of  the  low-carbon  steel,  and  in  the 

second  on  the  side  of  the  stainless  steel*  Before  the  intact  tests  in  bending, 

0 

the  specimens  were  subjected  to  slow  heating  up  to  900  ,  two  hours  of 
soaking  at  that  ten^rature  and  subsequent  slow  cooling  in  the  furnace. 

This  heat  treatment  amounts  to  annealing  in  low-carbon  welds;  it  increases 
the  lii9>act  strength  of  the  weld*  The  weld  on  the  stainldss-steel  side  is 
someidiat  diluted  with  unalloyed  steel  (some  melting  of  the  St*3  steel  is 

inevitable  idien  welding  the  cladding),  and  intensive  disintegration  of^austailte 

\ 

accompanied  by  a  decline  in  inpact  strength  therefor e-tedces-place  in  the 
weld  after  this  heat  treatment*  The  test  results  shown  in  Fig.  indicate 
that  the  tested  sectlm  can  exhibit  sharply  differing  Inipact-strength  values, 
dreading  on  the  microstructure  of  the  veld  metal  under  the  notch  on  the 


specimen* 


Series  1 


Fig,  116,  Schematic  drawing  showing  how  the  specimens  for  impact 
tests  in  bending  are  cut.frcm  a  .  clad^steel  weld  joint. 

Table  71* 

Effect  of  the  weld-metal  structure  under  the  notch  on  the  impact 


strength  of  a  specimen 


Side  on  which  the  specimen  was  notched 

2 

Impact  strength  in  kgm/cm  at 

Series  No* 

-  70°C 

+  15°C 

1 

Low-carbon  steel  ,•**..,.*• 

1.1 

1U.5 

2 

Stainless  steel  ,,,, . . 

2.1 

7.U 

^alogous  data  were  obtained  jointly  by  us  and  Yu*  B,.  Malevskiy 
by  comparing  the  results  of  Irpact  tests  in  bending  of  weld  specimens  of 
25- 20- type  steel  wnich  had  undergone  the  tf-phase  foimation.  One:,  series 

o£' specimens ^'wer 6' notch^'.befo]^e^prolonged  beating.  Here,  in  the  sections 
under  the  notch, 'diere  the  weld  metal  had  \aidergone  cold  working  fyom  the 
strilcing  edge,  a  greater  quantl^  of  d  -phase  was  formed  than  in  the 


specimens  in  idiich  notching  was  done  after  aging  and  in  i>4]loh  the  weld  metal 


vas  not  subjected  to  cold  working.  specimens  on  vihlch  notching  was 


carried  out  before  aging  have  an  inpact  strength  to  20Ji  lower  than  that 
of  specimens  which  were  aged  concurrently^  but  were  notched  after  the 
formation  of  the  sigma-phase. 

By  comparing  the  inpact  strength  of  the  weld  metal  with  that  of  ld-8 

r 

steely  we  can  see  that  the  indices  of  the  weld  are  always  lower. 

For  practical  purposes,  austenitic  and  austenitic-ferritic  welds  in 
the  as-welded  state  have  equal  mechanical  properties,  as  determined  by 
tensile  tests.  As  far  as  impact  strength  Is  concerned,  austenitic  single- 
phase  welds  are  1.5  to  2  times  stronger  than  welds  with  a  two-phase  aus¬ 
tenitic-ferritic  structure,  but  are  still  inferior  to  rolled  steel. 

It  is  known  that  with  an  increase  in  the  cross  section  of  single-pass 
welds  In  carbon  and  low-alloy  steels,  their  inpact  strength  declines  ap¬ 
preciably  and  there  is  greater  anisotropy  of  the  weld  metal  (impact  strength 
lengthwise  and  crosswise  to  the  columnar  crystals,  lengthwise  and  crosswise 
to  the  weld  /!/) «  Austenitic  steel  welds  do  not  have  this  fault  . 

«  According  to  the  data  of  ivao  Onishi  and  pther  Japanese  researchers,  multi-layer 
welds  manually,  welded  with  l8-8„ateel  electrodes  .are  jnaixked.by..anlaotropyj  they  can 
he  more  or  lass  plastic,  depending  on  the  direction  In  which  the  specimen  Is  cut. 


For  purposes  of  comparison  Table  75  gives 


the  results  of  tensile  tests  and 


impact  tests  in  bending  of  automatic  welds  made  with  a  single  pass  on 
lKhl8N9T  steel,  10  to  50  mm  thick.  The  chemical  conposition  of  the  welds  was 
practically  equal* 


Table  75 

Mechanical  properties  of  automatic  single-pass  lKhl8N9T-steel 
welds  10  to  50  mm  thick. 


'fhickness  of 
steel  in  mm 

^5  2 
in  kg/mm'^ 

I 

/  2 
in  kg/ram 

85  in  ^ 

([)  in  ^ 

1 

% 

in  kgm/cm.^ 

1 

Bending  angle 
of  tran  sverse 
sample  in 
degrees 

10  -  12 

2U*7 

59*8 

52.0 

53.5 

12*5  -  1U.8 

180 

20  -  25 

2U*6  i 

58*8 

73*5 

61. U 

15*7  -  17*8 

180 

30 

2U*7  j 

62.2 

50*0 

l4l*2 

13*5  -  17.U 

- 

ko 

28*3 

63*7 

50*0 

li5.9 

12*0  -  13*5 

- 

50 

1 

2U.8 

67*2 

37*7 

38.6 

18*U  -  18,6 

- 

As  can,  be  seen  from  Table  75  that  welds  with  a  large  cross-section  not  only 
are  n  ot  inferior,  but  even  surpass  welds  with  a  small  cross  section  in  impact 
strength*  However,  single-pass  welds  with  a  large  cross-section,  having  an 
austenitic-ferritic  structure,  are  to  a  greater  extent  subject  to  formation 
of 'til:  sigma- phase  than  welds  with  a  small  cross  section  and  a  finely- dispersed 


/ 


ferrite  phase 


Specimens  for  iii^pact  testing  vere  cut  along  and  across  the 


longitudinal  axis  of  >  single-pass  weld  wif.h  large  cross  section 
in  lKhl8N9T  steel,  50  mm  thick.  The  test  results,  shown  in  Table  76, 
Indicate  that  there  is  no  anisotropy:  the  impact  strength  is  the 


same  lengthwise 


and  crossvrlse'-^  the  weld,  The  data  shown  in  this  table  for  coinparison 

9- 

indicate  the  magnitude  uf  anisotropgr  in  welds  of  low-carbon  St,3  steel: 
the  inpaot  strength  of  ^ecinens  cut  lengUiwiee  .  is  almost 

half  the  strength  across  the  weld* 


Table  76 


Impact  strength  of  automatic  single-pass  welds  with  large  cross  section 


Grade  of  steel 

%pe  of  steel 

1 

‘thickness  of 

Inpact  strength  in  kgm/cni^ 

i 

i 

steel  in  mm 

of  specimens  cut 

1 

1 

• 

lengthwise  *  crosswise 

1 

1 

,  to  the  •  weld 

I — 


Austenitic  chrondum-  { 

nickel- titanium  •  *  *1  lKhl3N9T 


50 


1 17.6  -  18.9 


18.U  -  18.6 


Low-carbon  ferritic- 
pearlltic  «  •  «  . 


St.3 


hP 


10.5  -  n.u 


Multl-p>a88  austenitic  chromlunwnickel  steel  welds  have  good 


mechanical  properties.  No  special  measures  are  necessary  to  ensure  even 
strength  of  the  weld,  and  this  is!  true  also 'f^r  single-pass  welds  (it  is 


understood  that  the  possibility  of  hot  cracking  in  the  weld  is  excluded). 


Table  77  shows  data  eeneoi'ning  the  mechanical  properties  of  multi-pass  welds 
of  lKhl8N9T  and  KhlSNUB  steel,  50  mm  thick.  The  weld  was  a  double  V  butt  weld. 


Table  77 


Mechanical  properties  of  automatic  multl>pass  welds  of  austenitic 
13-8-typa  steel,  ^0  mm  thick 


'%pe  of  steel 

Type  and  diameter  of 
electrode  wire 

tfg  in  kg/mm^ 

<5^  in  kg/mm^ 

B 

in  ^ 

lKhl8N9T 

OKhiaN9F2S  5  mm 
(EI606) 

U0.7 

71.5 

56.0 

55.6 

KhlSNllB 

Sv-OKhl8N9*  2  mm 

23.3 

60.1 

71.0 

62,3 

The  indices  given  in  Table  77  pertain  to  specimens  cut  from  the 
upper  layers  of  the  weld.  If  there  is  too  much  ferrite  in  the  wire,  formation 
of  the  5  iiKphase  during  the  actnal  nsldlng  process  and  a  decline  in  plasticity 
are.  possible  in  the  lover  layers;  this  can  lead  to  failure  of  the  weld  vhen 
welding  a  rigid  joint*  It  is  therefore  desirable  in  dulti*pass  welding  to 
deposit  the  inner  and  outer  beads  with  electrodes  of  different  coiq)osition 
and  different  ferrite  content.  %e  strength  indices  of  multi-layer 
Khl^OJLB  steel  welds  can  be  Increased  by  using  a 


«  Twin-arc  welding  with  separated  electrodes. 


OKhl8N9F2S  (EI606}  -  type  wire  containing  vanaditun* 

‘^'he  material  given  in  thia  section  indicates  that  austenitic  steel 
welds  made  in  accordance  elth  the  welding  rules  for  these  steels  (see 
Chapter  VI1)«  regardless  of  whether  thegr  have  an  austenitic  or  an  austenitic* 
ferritic  structure,  have  high  strength  and  plasticity  indices.  Changes  in 
the  welding  oondltioas  (regime  and  speed  of  welding,  direction  and  conditions 
of  heat  transmission),  provided  they  do  not  cause  disintegration  of 
austenite  or  cracking,  usually  have  00  detrimental  effect  on  the  mechanical 
properties  of  welds . 

In  some  eases  of  a  variation  in  the  welding  regime,  however,  and  particularly 
when  there  is  an  inadmlssibly  great  increase  in  the  length  of  the  arc  in  manual 
welding,  the  result  can  be  a  sharp  decline  in  the  plastic  properties  of  the  weld 
metal.  This  fact  was  noted  idien  we  considered  the  effect  of  nitrogen  on  the 
structure  of  welds  (see  Chapter  2).  Hence,  from  the  standpoint  of  the  stability 
of  the  mechanical  properties  of  the  weld  metal,  mechanical  welding  which  ensures 
a  stable  welding  regime,  is  undoubtedly  preferable  to  manual  welding.  Cited  in 
literature  are  some  very  curious  data  on  the  relation  between  the  Impact  strength 
of  the  metal  of  an  austenitic  weld  and  the  skill  of  a  manual  welder.  Using  the  same 


electrodes  of  l8-10-type  steel  containing  2%  niobium,  one  welder  produced 


2 

a  weld  with  an  impact  strength  of  7*2  kgnv^cun  ,  while  another  produced  a  weld 

2 

with  a  lower  plasticity  (3*9  Icgn/cm  )•  This  situation  cannot  arise  in  automatic 
flax  welding*  One  study  quotes  data  concerning  the  effect  of  the  electrode 
diameter  (l6-13>type  steel  electrode  containing  niobium)  in  manual  welding 
on  the  mechanical  properties  of  the  metal  deposited  (Table  7d)* 

Table  78 

Effect  of  the  diameter  of  a  16-13- type  steel  electrode  containing  niobium 


on  the  mechanical  properties  of  the  metal  deposited. 


Electrode  dlamter, 
in  mm 

C  in  kg/mm^ 

0 

(5^  in  kg/ram^ 

in  ^ 

<J>  in  ^ 

U.o 

37.5 

li8.2 

U.l; 

25*0 

3.25 

6I1.8 

32.5 

5U.0 

It  must  be  assumed  that  in  the  given  case  a  reduction  in  the  electrode 
diameter,  and  consequentljr  also  a  decrease  in  energy  per  unit  length,  resulted 
in  the  elimination  of  hot  micro-cracks  caused  by  niobium  and  thus  brought 
about  an  iiqprovement  in  the  mechanical  properties  of  the  metal  d^osited. 

H  is  possible  to  assess  .the  microstructure  of  a  weld  from  the  outer 
appearance  .  ■  of  its  dlstmded  surface  (on  Gagarin  specimens  or  on  bent 

specimens)*  An  indented  surface  with  large  protruding  filaments  indicates 

61^7 


a  coarse  czystalline  austenitic  veld  structure*  Gagarin  specimens  cut 


out  from  an  austenitic  weld  are  usually  distended  without  forming  a  neck* 

High  indices  for  necking  are  obtained  not  by  a  local  decrease  in  the 

cjross  section  of  the  specimen  at  the  point  of  failure*  but  by  a  strong  elongation 

of  the  entire  specimen*  The  absence  of  indentation  on  the  distended  surface 

,the, 

and  the  absence  of  necking  M^Oagarln  specimens  is  characteristic  for 
austenltlc-ferrltio  welds* 

If  there  are  hot  micro-cracks  in  the  weld*  they  can  be  detected  on 

the  surface  of  the  Gagarin  specimen  or  on  the  distended  part  of  a  bent 

# 

specimm  (^lg«  56)*  Specimens  with  multi-layer  welds  nust  be  subjected  to 


Table  79 


Effect  of  micro-cracks  on  the  mechanical  properties  of  weld  metal 


ijTpe  of  weld 
steel 

ItLci^Jstructure  of 
weld  metal 

Presence  of 
micro-cracks 
in  the  weld 

%  ^ 
kg/iiTO^ 

in 

kg/mm^ 

8^  in  %• 

in  ^ 

19-9 

Austenite 

X08  •  •  s  • 

38*0 

50*0 

13.0 

27.8 

Austenite  + 

No  •  •  *  • 

14^*9 

65.0 

33.0 

32.9 

ferrite 

19-9 

Austenite 

fes  *  *  *  • 

wm 

3U*3 

7*0 

8.9 

with 

niobium 

Austenite  + 

No . 

U3.8 

65.5 

UO.O 

50.0 

ferrite 

Austenite 

Xes  •  •  *  • 

35*U 

lt8*5 

!■ 

2U.9 

25-20 

Austenite  *  finely 

No  •  *  •  *  . 

35.lt 

67*2 

59*9 

• 

dispersed  primary 

HHH 

carbides 

1 

C,4( 


side-bending*^ In  which  the  cracks  become  evident  regaz*dle8S  of  location* 

If  the  weld  metal  contains  hot  micro-cracks,  this  may  have  an  effect  on 
its  yield  point  and  tenaile  strength,  as  well  as  on  necking*  However,  the 
presence  of  nlcro-cracks  appears  most  clearly  in  the  relative  elongation 
which  is  reduced  from  60  -  70%  to  10  -  15%  or  lower  (Table  79)* 

If  the  hot  cracks  are  very  small,  it  is  possible  that  they  will  not 
come  out  to  the  surface  of  the  specimen,  bJt^^ill  affect  elongation.  On  these 
grounds  some  authors  propose  to  evaluate  the  quality  of  austenitic 

electrodes  from  the  results  of  tensile  tests  made  with  cylindrical  specimens 
cut  from  the  deposited  metal.  If  the  relative  elongation  exceeds  y0%,  the 
electrodes  are  considered  suitable.  If  the  relative  elongation  does  not  attain  j 
th^  are  rejected  on  the  grounds  that  th^  will  not  produce  a  weld  without  hot 
cracks. 

Intergranular  -  _ .  '  '  :  .  corrosion  has  a  detrimental  effect 

on  the  mechanical  properties  of  welds:  strength  and  plasticity  decline* 

Ihis  phenomenon  was  put  to  use  by  Japanese  researchers  /197/  ^in  evaluating 
the  corrosion  resistance  of  welds* 

»  Translator's  note:  Bending  of  a  thin  specimen,  taken  transversdy  across 
the  welded  Joint,  so  that  the  length  of  the  weld  is  perpendicular  to  the 
plane  of  the  specimen  (Metals  Haxvibook,  p*  139) 


Speoimens  for  tensile  tests  and  lii^}act  tests  in  bending,  were  cut  from  a  weld 

•  and  boiled  •  in  a  solution  of  copper  sulfate  and 

sulfuric  acid*  %e  chemical  conpositlon  of  the  Neldlmetal  was:  0.08;^  C, 

0.65^  Si,  2.0556  Ifa,  18.15^  Or,  12.1056  Ni,  2.1;3;S  Mo  and  l.U5^  Ou. 

The  veld  Joint  in  its  natural  .state  had  the  following  properties: 

CT^  ■  60  kg/nm^j  ^5  “  ^  ^  kgnv'cm^.  ^he  strength  and  plasticity  of 

the  speclflieas  tdilch  were  attacked  by  intercrystallitic  corrosion  after  boiling 
considerably  declined:  ■  15  kg/nm^l  ^5  "  2k  “  ^  kga/cm^. 

Mechanical  piroperties  of  austenitic  steel  velds  at  negative  terr;peratures. 
The  high  mechanical  properties  of  austenitic  low-carbon  steel  velds  are 
pre-determined  by  the  composition  of  these  steels,  1.  e.,  by  hi^ 

t  . 

alloyi^  and  by  the  absence  of  secondary  crystallization  (under  normal 
voiding  conditions)*  Therefore,  to  ensure  the  required  properties  of  the  veld 
metal'  is  a  considerably  leeb  oonplsK  task  than  to  prodiuse  velds  free  from.bot 
oraoks  and  resistant  to  liquid  and  gas  corrosion.  This  pertains  mainly 
to  velds  doing  servloe  at  room  or  suborltloal  temperatures  (up  to  350^c). 

The  situation  is  different  vith  velds  that  .  are  used  under  conditions 

¥• 

of  extreme  oeld  or  at  htg^  tenq>eratures. 


Welds  doing  service  at  negative  tenperatures  mist  have  a  high 


irpaet  strength.  It  is  due  to  the  very  .fact  that  austenitic  steels 
preserve  a  surprisingly  high  Inpact  strength  at  extremely  low  temperatures 
(Table  80)  that  thoy  are  used  under  conditions  of  deep  freeze.  However,  as 


mentioned  above,  velds,  particularly  austenltlc-ferrltlc  ones,  are 
inferior  to  steel  in  this  propez*ty  even  at  room  temperature.  V^th  respect  to 
all  other  mechanical  properties,  velds  are  not  at  all  inferior  to  steel 
under  conditl(sis  of  deep  freeze  (Table  80). 


Table  80 

Mechanical  properties  of  lKhl8N9T  steel  and  austenitic-ferritic  welds  at 

at  +  20  and  -  l^S^C 


liaterlal 

Testing  teiperature. 

Mechanical  properties 

in  ®C 

kg/ma^ 

0  i  In 

kg/jia^ 

8^  in  ^ 

in  ^ 

9k  . 
kgm  cm*^ 

Steel 

j  ♦  20 

31.0 

58.3 

65.0 

28.5 

Weld 

57.0 

50.9 

13.1 

Steel 

]  -  196 

U2.U 

3U.1; 

19.0 

23.5 

Weld 

30.0 

16.0 

6.9 

The  composition  of  the  steel  was:  0.10%  C,  0.^%.  Si,  1,0!^  Mn,  17,$%  Cr,  9.h%  Ni 


and  0,$1%  Ti;  the  chemical  composition  of  the  weld  vfas:  0.1w,o  G,  0,Sy%  Si,  0,U7%  I'in, 
17.55b  Cr,  B,$%  Ni  and  0.12%  Ti. 

As  can  be  seen  from  Table  80,  the  impact  strength  of  the  steel  hardly  chainged 
during  the  temperature  drop  from  +20  to  -196°C,  At  the  same  time,  the  impact  strenjyth 
of  the  weld  was  almost  hal'/ed. 


Th«  iopaet  ftrsngth  of  voids  st  room  tsn^rature  can  be  raised  to  I8«20  kg/cm 


by  SttstsnLtliliig  thsa  by  means  of  heating  and  hardening  at  temperatures  ranging  from 
nOO  to  120^.  Owing  to  the  stable  austenitic  structure,  the  hl^  In^Mot  strengths 
Imparted  by  hardening  are  retained  eren  at  low  temperatures* 


Table  8l 


Effect  of  weld  structure  and  test  twnperatures  on  iiijpact  strength 


steel  type 

1 

Chernies] 

L  oonq 

position  ol 

]  vel^ 

1  metal  in 

ri 

Weld 

structure 

■ii: 

Ito 

Or 

Bl 

ran 

Kb 

Mo 

misiim 

lKhl8N9T 

0*08 

17.6 

BJS 

a 

B 

B 

12.3 

li.7 

Khl8Nl2M3T 

0.07 

19.3 

0.29 

0.83 

i.5t) 

■ 

8.1 

3.2 

r'23Nl8 

0.1$ 

0.22 

l.$ 

25.5 

18.9 

m 

- 

- 

- 

A  ■ 

18.2 

16.0 

Sh23M23K31)3 

0.07 

1.03 

0.U 

21a.5 

23.3 

m 

e» 

3.06 

3.16 

A 

20.6 

17.0 

The  impact  strength  Indices  of  various  steel  velds  having  in  the  natural  state 


after  welding  singlerphase  and  tvo^phase  structures  are  adduced  for  ocmqparison  in 
Table  8l* 

Kb231ll8»  and  Kh231)23H3D>-t7pe  stable  austenitic  steel  welds  have  a  high  impact 
strength  at  negative  tenqperatures*  According  to.  Tbcaa^^yK^s  also  applies  to 
30^  and  30l(]^type  steel  welds* 


■  austenite,  F 


■  ferrite 


T.  M.  Slutskaya,  Tu«  N.  Octal 'skly  and  I.  7.  Novikov  /120/  have  shown  that 


welds  effected  with  Tl-bearing  welding  rods  /(lKhl8N9T,  Kh20Nl0G6T  (EI613}/  becone 
unserviceable  at  vez7  low  temperatures*  Their  impact  strength  is  far  too  low,  and 
even  hardening  could  not  appreciably  raise  it*  At  >18^^  the  impact  strength  is 
2*0  (without  heat- treatment)  and  6.7  kg/ez^ (after  hardening  at  UCX^}*  ¥e  believe 
that  in  this  pax*ticular  case  the  cause  for  the  ineffectiveness  of  hardening  has-to 
be  sought  in  the  high  $  -ferrite  cont«it  of  the  veld*  In  Chapter  2  we  pointed  out 
that  in  order  to  austenitise  such  welds  they  had  to  be  held  for  a  eoasidera}^  long¬ 


er  time  at  temperatures  raised  up  to  120()^*  Reference  /120/  also  paiataxaat  that 
single^ase  austenitic  welds  effected  with  Xh20Nl5-  and  Kh20Nl2iG6-type  steel  rods 
have  an  inpaet  strength  of  30*7  and  33*9  respectively  at  ■•■2^,  and  19*7 

and  2},k  kg/c^^  respectively,  at  -XSj^^* 

For  a  veld  containing  18^  Cr  and  %%  Hi,  an  ijqpaot  strength  value  better  than 
6  to  7  kg/c^^^t  -133  or  -19^9^ (boiling  points  of  liquid  0  and  N,  respectively)  is 
not  obtainable  without  hardening*  Hence  for  the  welding  of  18-8  steels  in  service  at 
vezy  low  temperatures  rods  with  higher  content  in  austenitisers  (Ml  and  Mn)  will  have 
to  be  used*  According  to  S.  K*  Zvegintse^^^l^J^^mellent  results  in  manual  welding  of 


notes 


rate  ooamnieatlon 


6.^ 


lXhl8N9Totyp«  stMla  are  obtained  vlth  Xhl6R26M26  (EI395)-t3rpe  steel  rods*  Our 
experiments  ahoir  that  Kh20ll8oT  (ElU37)-type  steel  rods  oaa  bo  saooessfolly  used 


for  the  same  purpose*  In  the  case  of  automatic  square  butt  welding,  the 
ebovs>nentioned  IKhlSN^T  steel  rods  provide  an  impact  strength  of  at  least 

8  kgVcB^  ^  In  T-butt  welding,  i*e*,  with  large  quantities  of 

welding  metal  in  the  weld,  the  intact  strength  of  the  latter  can  be  Increased, 

but  hot  cracks  are  likely  to  occur* 


Mechanical  pz^erties  of  austenitic  steel  velds  at  high  temperatures.  At 


high  ten;)eratures,  austenitic  steel  welds  possess  quite  satisfactory  mechanical 
properties*  Of  hoursd, .  the'  continuous  Influence  of  tenperatures  ranging  from 
350  to  87$^  while. ;brlhgln^bout  structural  transformations  In  the  weld  metal 
may  affect  Its  tensile  and  ductile  strength*  This,  however,  will  be  discussed 


In  more  detail  in  the  next  chapter*  In  Table  82  we  set  forth  the  results  of 


short-time  tensile  tests  on  Oagazin's  specimens  cut  from  the  weld*  Welds,  of  ' 
lKhl8N9T  steel  aude  with  E[606  rods  differ  from  those  made  with  Sv-0]Chl8N9  rods 


by  containing  roughly  1*0^  vanadium*  In  welding  XhldNllB  steel  with  an  EI6O6 
rod,  the  veld  contains  0*92^  7  and  0*92$  Nb  when  there  is  19*2^  chromium* 


Table  82 


Effect  of  taat  tewperatiires  on  mechanical  propertlea  of  short  duration  of  18-8 

steel  welds 


Brand  of  steel 

Brand  of  rod 

Teat 
tempera¬ 
tures 
in  °C 

in  % 

t 

in  % 

kg/cmv 

lKhl8N9T 

Sv-OKhl8N9 

♦20 

26.5 

57.6 

60.0 

59.9 

13.2 

lKhl8N9T  ' 

OKhl6N9F2C 

+20 

35.!i 

61i.6 

52.2 

59.0 

12.U 

Khl8NllB  . 

(EI606) 

♦20 

liO,7 

69,0 

U6.2 

52.1 

12.5 

lKhl8N9T 

Sv^Khl8N9 

500 

lli.l 

lil.O 

'  U3.3 

59.9 

M 

lKhl8N9T 

OKhl8N9F2C 

500 

2U.0 

li9.5 

36,0 

36.0 

- 

KhlSNllB  , 

(EI606) 

500 

26.5 

51.5 

33.3 

30.6 

- 

lXhl8N9T 

Sv-0Khl8N9 

650 

16.0 

37.5 

33.8 

U8.6 

IU.5 

lXhl8N9T  '] 

OKhl8N9F2C 

650 

21.2 

U8.lt 

32.U 

51.0 

12.8 

KhlSiOlB  , 

(EI606) 

650 

2U.7 

50.5 

31.U 

U8.6 

lU.9 

lKhl8N9T 

Sv-OKhl8N9 

750 

12.U 

20.2 

28.5 

U8,6 

M 

lKhl8N9T  ' 

OKhl8N9F2C 

750 

16.6 

31.3 

2U.1 

30.6 

m 

Khl8KllB  , 

► 

(EI606) 

750 

21.2 

3U.6 

18,5 

3U.9 

m 

lKhl8N9T 

Sv^Khl8l]9T 

850 

10.6 

33.0 

19.7 

U9.9 

- 

lKhl8ll9T  ' 

OXhl8N9F2C 

850 

li4*l 

20.5 

11.2 

22,0 

•• 

XhlSKLlB  . 

r 

(EI6O6) 

850 

18.U 

25.2 

11,2 

16.0 

m 

These  data  indicate  that  at  high  temperatures  niobium  and  vanadium 


considerably  increase  the  short-enduring  strength  of  welds  without  any 
appreciable  impairment  of  their  ductility#  T^hereas  from  the  standpoint 
of  the  mechanical  properties  of  welds  at  room  temperature  niobium  cannot 
be  considered  a  desirable  addition  to  the  veld  metal  (see  Table  66),  it 
is  nevertheless  quite  essential  In  welds  designed  for  service  at  high 
temperatures#  Niobium  increases  the  Icng-endurlng  strength  of  welds  at 


(.fi 


high  temperatures  (Table  83 )•  For  this  reason,  modem  power  plants  operating 


at  high  temperatures,  tend  to  introduce  niobium  into  welds  ijn  spite  of  the 
fact  that  it  may  cause  hot  cracks  and  intensify  the  8  ff  transfomatlon* 

Table  83 


Effect  of  niobium  on  long-enduring  strength  of  weld  metal  at  650®  (stress  2U  kg/mf), 


Nb  content  of 

19*9  weld  metal 
in  % 

None 

None 

Weld  miorostructure 

Austenite 

Austenite 

ferrite 

Time  until  failure 
in  hours 

$-8 

10-15 

j  Nb  is  the  C  and  Nb  content  of  veld* 


Nb  -  IOC 

Nb  -  15C 

Nb  -  20c 

Austenite 

Austenite 

Austenite 

■+  ferrite 

+  ferrite 

+  ferrite 

300 

600 

520 

It  is  noteworthy  that  at  650  the  long-endurtng  strength  of  austenitic-ferrite 
welds  (without  niobium)  is  somewhat  longer- enduring  than  of  purely  austenitic  welds. 


It  should  be  noted  in  this  correction  that  according  to  data  of  several  investi¬ 
gations,  at  600°C  the  resistance  to  intergranular  failure  of  I8-8  two-phase 


austenitic-ferrite  steels  under  stress  is  hi^er  than  that  of  I8-8  austenitic 
steels.  After  100  hours  service  at  600°C  the  relative  elcngatiwi  per  unit  of 


two-phase  steel  dropped  from  50  to  hSjf,  and  that  of  single-phase  steel  fran  25 
to  1$%,  After  150  hours  service  at  600°C  the  relative  elongation  rate  of  single- 
pphase  steel  dropped  from  12  to  5$,  but  remained  unchanged  at  17 In  two-phase  steel. 


Molybdonum^  tungsten  and  vanadium  act  similarly  to  niobium  and  linpreve 


the  long-enduring  strength  of  welds  at  high  temperatures. 

The  best  result  of  strengthening  austenitic  weld  metals  is  attained  by 

combined  alloying  with  several  elements  such  as  vanadium,  niobium  and  molybdenum, 

or  molybdenum,  tungsten  aixi  vanadium,  etc.  This  strengthening  is  attained  not 

merely  on  account  of  the  appearance  of  the  ferrite  conponent,  but  also  as  a. result 

of  the  Increase  of  the  strength  of  the  austenitic  root  of  the  weld.  Strengthening 

of  the  weld  metal,  attained  by  multioonponent  alloying,  becomes  even  stronger,  the 

higher  the  temperature  at  which  it  is  woilced. 

I.  I.  Kornilov  conclusively  proved  on  samples  of  solid  nickel  solutions  the 

effective  Influence  of  combined  alloying  on  the  heat  resistance  of  welds  (Thble  81^}. 
'Whereas  a  ti*i-conponent  alloying  makes  it  possible  to  increase  the  strength  of  the 
alloy  at  700  to  900®  by  a  factor  of  7  to  10,  an  increase  in  the  number  of  components 
from  3  to  5  gavei-^as  high  a  strengthening  of  the  solid  solution  as  by  a  factor  of  12 
to  IiO  /38/.  Welds,  containing  up  to  5^  ferrite,  regardless  of  the  B-*-  Cf  trans¬ 
formation,  give  an  excellent  performance  under  stress  at  temperatures  between  600 
and  650®C.  Their  teneile  strength  and  creep  limit  is  also  quite  satisfactory. 


With  a  higher  ferrite 


Table  61 


Effect  of  the  number  of  alloyli.g  con^onents  on  the  tensile  strength  of  solid  Nici^el 

solutioae-  at  high  temperatures  /3b/ 


Material 

Limit  of  tensile  strength  in  kg/nn^  and 
strengthening  rate  at  ten5>eratures  in  °C 

20 

Uoo 

600 

700 

800 

900 

Pure  Ni 

oo 

22 

12 

3 

1.5 

Two-eoii;)onent  m.  *  20%  Cr  system 

81.9 

76 

63.0 

28.0 

15.0 

Strengthening  rate  vs.  pure  Mi 

2.17 

3.5 

5.25 

6.7 

9.3 

10.0 

Three-con^nent  Ni‘«’20^Cr^3^ 
system 

93 

95 

79 

69 

35 

20 

Strengthealag  rate  vs.  pure  Ni 

2,h$ 

I1.3O 

6.6 

9.8 

11.7 

13.3 

Flve^conponent  Nl+Cr+Tl+Al+W 
system 

100 

102 

90 

87 

85 

60 

Strenghenlng  irate  vs«  pure  Nl 

2.63 

1».6 

7.5 

12.h 

28.3 

liO.O 

oaoteat  the  embrittlement  caiieed  bjr  the  formation  ot  ^(5  ^phase  becomes  critical. 


For  this  reason  both  in  the  USSR  and  abroad  the  use  of  electrodes  warranting  a 

strictly  limited  ferrite  content  in  heat-resistant  austenitic  steel  welds  is 
presently  .ecoramended.  According  to  K.  B.  Lynbavskiy,  b.  I,  Lazerev  and  otherd 
/58,  2kl/,  T«T-7  brand  electrodes  of  this  type  in  which  the  ferrite  content  can 
bo  ccntrolled  satisfy  all  requirements  for  the  mechanical  properties  of  welds  on 
KhlljNl]iV2M  (EI257)  austenitic  steel.  The  approximate  composition  of  the  weld  metal 
is{  0.10^  C>  0.2^  Slj  2.5^  Hn^  18^  Cr,  12j(  Nl,  2%HOf  1%  Vj  with  an  optimum 


ratio  between  the  chromiiun  and  nickel  contents  ranging  from  1,U5  to  1,6,  and  the 

ferrite  content  in  the  weld  varying  between  1,^  to  2  and  h.5  to  5^, 

According  to  /55,  $8/  the  long-duration  tensile  strengtn  of  welds  effected  with 

electrodes  of  brand  TsT-7  is  not  inferior  to  that  of  rolled  lKhlJd^liiV2M  (EI257)- 

type  steel  at  600°C  (no  leas  than  l6  kg/mm^  after  100,000  hours  of  conventional 

2 

testing)  or  to  the  creep  limit  at  the  same  temperature  (no  less  than  10  kg/mm 
at  creep  rates  of  1,10“%  per  hour), 

V(ylie,  Corey  and  Leyda  /229/,  vho  investigated  the  long-duration  tensile  strength 
of  various  austenitic  steel  welds  at  600  to  6^®C,  ascertained  that  in  this  res- 
pect  the  welds  of  19-9  austenitic-ferritic  steel  with  niobium  are  superior  to  the 
welds  of  25-20  austenitic  steel  (without  niobium).  In  the  former,  heating  for  100 
hours  at  900°C  caused  the  long-duration  tensile  strength  to  drop  owing  to  the 
transformation  (Table  86),  In  these  welds  the  <5 -phase  forms  mainly  inside  the  grains. 
In  austenitic  welds,  by  contrast,  the  C  -phase  precipitates  on  the  intergranulair 
boundaries  after  heating  for  100  hours  at  790*^,  exerting  a  stronger  effect  and 
noticeably  reducing  the  long  long-duration  tensile  strength  of  the  weld.  It  is  signi¬ 
ficant  that  at  650^C  the  two-phase  welds  with  niobim  can  endure  1,5  times  greater 
stresses  for  periods  three  times  longer  than  Oingle-phase  welds  of  25-20  steel. 

{pLx 
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The  author,  together  with  A.  N.  Safonnikov  and  R,  0,  Lents  /2U9/ 


has  tested  the  heat  reslntance  of  austenitic  steel  welds  n^ade  by  flux 


welding  in  argon  and  carbon  dioxide,  as  well  by  electroslag  welding 


(Table  85) •  It  was  found  that  with  the  same  raw  materials  ( steel,  wire) , 


the  greatest  stress-rupture  strength  at  hi^  temperatures  is  obtained  by 


welding  in  carbon  dioxide,  because  of  carburisation  of  the  weld  metal 


(by  0.02  to  0.0l4^)  and  hardening  of  grain  boundaries  by  carburizing. 


TABI£  85.  Stress-Rijpture  Strmgth  of  the  Welds  of 


Chromium-Nickel-Titanium  Steel  lKhl8N9T 


Welding  method 

Type  of 
welding 
wire 

Chemical  composi¬ 
tion  of  weld  metal 
in  % 

Test  conditions 

Passage  of  time 
before  rupture 
in  hours 

... 

C 

Ti 

Nb 

temper¬ 
ature 
in  °C 

stress 

^  2 
kg/mra 

Flux  welding 

Sy-OKhl8N9 

|!PR| 

0.20 

600 

1.5 

in  argon  and 

0.2U 

« 

600 

EH 

3 

CO2 

BQI 

0.7 

mm 

600 

m 

k 

fS3 

- 

600 

30 

35 

in  argon  and 

- 

600 

80 

21 

CO2 

m 

- 

600 

30 

218 

Flux  welding 

Sv-lKhl8N9B 

0.10 

0.21 

0.63 

600 

30 

33 

in  argon  and 

0.11 

0.23 

0.80 

600 

30 

86 

CO2 

. 

0.13 

0.18 

0.1*8 

600 

30 

More  than  320 

Electroslag 

lIQik89T 

0.07 

o.uo 

• 

700 

18 

7 

welding 

(plate¬ 

like 

electrode) 

0.10 

0.14; 

700 

18 

1*2 

If  there  are  no  strong  cai’bide-formers  present  in  the  weld,  the  effect 

r 

of  the  Increase  in  heat  resistance  is  small.  The  increase  in  the  carbon 


content  of  the  weld  during  flux  welding  in  argon,  or  electroslag  welding. 


(up  .to  0,13  to  0.l55t),  also  increases  its  heat  resistance  if  the  weld 


contains  titanium,  niobium,  ttmgsten,  vanadium,  molybdenum.  A  much  higher 


TABLE  86.  The  Effect  of  Isothermal  Heating  (Aging)  on 


the  Stress-Rupture  Strength  of  the  Weld  Metal  at  6$0°C  /229/ 


[ 

Type  of  weld  metal  | 

Aging  conditions 

i 

1 

rrr 

Stress  in  kg/mm  j 

I 

1 

Passage  of 
time  prior 
to  rupture 
in  hours 

[ 

'  Without  aging 

20 

693 

19-9  with  niobium 

100  hours  at  650° 

20 

783 

.  100  hours  at  9^° 

20 

231.5 

1 

[Without  aging 

Hi 

237 

25-20 

A 

!  100  hours  at  650° 

lii 

3lil 

(100  hours  at  790° 

Hi 

123 

i 

heat  resistance  in  welds  is  obtained  with  oxygen -free  fluoride  fluxea 
or  by  welding  in  argon  than  with  silicate  weldliisr  fliixes. 

In  the  opinion  of  the  authors  of  stucty'  /229/ »  electrodes  which 
would  afford, at  650°C  or  more,  the  same  stress-rupture  strength  in 
welds,  as  in  base  metal  (rolled  or  wrought  steel) ,  have  not  been  con¬ 
structed  as  yet« 

Meanwhile,  such  electrodes  have  been  developed  in  the  USSR:  /l03, 

239,  and  others/. 

Section  2«  Effect  of  Heat  Treatment  on  the  Mechanical 

Properties  of  Welds  of  Austenitic  Steels 

Heat  treatment  effects  the  mechanical  properties  inasfar  as  it 
causes  certain  structural  transformations.  We  have  seen  that  hardening 
of  welds  which  in  as-welded  condition  contain  carbides,  results  in  an 
Increase  in  the  plasticity  of  the  welds.  Haardening  of  austenitic-ferritic 
velds  has  little  effect  on  their  properties  at  room  tenperaturej  they 
are  sufficiently  high  even  in  %s-welded  condition. 

However,  heating  to  the  region  of  critical  tenperatures  (350  to 
causes  a  sharp  decrease  in  the  plasticity  of  the  weld  metal  in  many  cases. 

The  eidbrlttlement  of  the  weld  metal  can  result  from  aging  under  the 


influence  of  tenperatures  within  the  range  of  3$0  to  (so-called 

"U75-<iegree  brittleness”),  pjrecipitation  of  secon'^^r7  carbides  at  the 
boundaries  of  crystals  or  crystallites  of  the  austenite,  or  as  a  result 
of  the  formation  of  (S  -phase. 

Isothermal  heating  at  330  to  causes  a  sharp  decrease  in  the 

Impact  stmgth  of  welds  containing  more  than  20  to  2$^  0  -phase,  with 
a  concentration  of  chromium  of  no  less  than  20^,  and  when  alloyed  with 
alumlntun,  titanium,  niobium,  vanadium,  and  silicon.  In  purely  austenitic 
welds  containing  O.OIi^  carbon,  the  "li7^-degree  brittleness”  does  not 


occur,  thou^,  according  to  data  in  the  literature,  erbra-low-carbon 
austenitic  steels  of  18-8  type  become  brittle  after  heating  at  h$0  to  550°C. 


Table  8?  gives  data  pertaining  to  the  influence  of  heating  at  liOO  to 

on  a  twO“phe.fi')  v.'eld.  The  composition  ol  the  v-eld  metal  is:  0.009^  C, 
2.Utei,  1,5%  Mn,  20.256  Cr,  8.0;6  Ni,  l,h7%  V,  OM  Mb. 

The  inqjact  strength  lost  by  the  weld  as  a  result  of  heating  at 
350  to  550^0  can  be  recovered  by  subsequent  hardening  at  low  temperature 

0  V 

(900  C) .  If  the  weld  contains  titani\im,  the  temperature  of  the  hardening 
must  be  increased  to  950  to  lOOO^C  to  avoid  an  intensification  of  brit¬ 
tleness  which  can  result  from  the  transformation. 

Prolonged  heating  at  650  to  875°C  of  purely  austenitic  welds  of 
type  25-20  steel  results  in  a  considerable  lowering  of  the  impact  strength 
due  to  "y— transformation.  It  must  be  pointed  out  that  6 -phase,  while 
causing  a  sharp  drop  in  inpact  strength,  has  conparatively  little  effect 
on  the  characteristics  of  the  weld  metal,  which  «u*e  determined  by  the 
static  tension  (see  Table  93). 

Data  show  that  with  as  little  as  2  to  3%  of  d -phase  present  in 
the  metal,  the  inpact  strength  drops  sharply.  An  increase  in  the  amo\int 
of  d  •^hase  up  to  20  to  30^  has  a  less  intensive  effect. 

The  formation  of  d  -jdiase  in  single-phase  welds  of  type  25-20  steel 
is  strongest  at  tenperatures  of  800  to  850°C, 


At  700°C  the  -r  -v  <5  process  is  less  ijitensive.  According  to  data 
in  literature^  in  typt'  ,?-20  steel  less  thftn  1;^  1  .  fonns  even  after 

5000  hours  of  heating  at  1200°F  (6^0°C).  Table  oft  shov/s  the  results  of 
in^jact  testa  on  bending  of  antomailc  welds  oT  '  '  "O  jteel  which 

were  Subjected  to  prolonged  heatint  at  700  and  L"  '/’!.  The  chemical  com¬ 
position  of  the  welds:  O.li:^  C,  0.36^  Si,  1.795SMn,  23.2^  Cr,  20.0^  Ni. 

Some  of  the  specimens  were  subjected  to  strain  hardening  by  30^  stretching 
prior  to  heating. 


TABLE  88,  Effect  of  Prolonged  Heating  at  700  to  800^0  on 

c 

the  Impact  Strength  of  Austenitic  25-20  Steel  Welds 


Strain 

hardening 

Irpact  strength  (in  kgm/cm^)  at  +  20°C  after  heating  (in  hrs.) 
at  tenperatures: 

Without 

heating 

Too^c  eoG^c 

60 

200 

1100 

2h 

1:8 

72 

100 

200 

300 

LOO 

500 

850 

3000 

No . 

Yes  ...... 

D 

vn 

ll.U 

10.9 

U.9 

lh,7 

7.6 

lh.7 

9.0 

lb. 5 

8.b 

lJ 

li:.5 

6.5 

_ 

11. b 

^.5 

8.2 

3.9 

7.2 

L.o 

^.9 

3.7 

6.1 

2^0 

5.5 

2.1 

We  have  indicated  above  (see  Chapter  II) ,  that  manganese  and  tungsten 
intensify  the  embrittlement  of  25-20  steel  welds  (Table  89). 

It  must  be  noted  that  heating  at  800  to  875°C,  while  lowering  the 
in5)act  strength  at  room  tenperature,  has  Considerably  smaller  effect 
on  ajc  at  the  heating  tenperature  indicated  (Table  90) . 

Ui 


Data  in  Tabls  yO  j'-  also  that  subsequent  heating  at  high  temperatures 
(at  1000°C)  recover'?  iii-  high  Impact  strength  of  the  •  e'ld  metal,  which  it 
had  lost  as  a  result  of  aging  at  800  to  850°C. 


TABLE  89 •  Effert  of  Manganese  and  Tungsten  on  the  Lrpact 


Strength  of  Austenitic  2^-20  Steel  Welds  After  Prolonged 


Heating  at  800°C 


Type  of 

weld 

metal 

Strain 

hardening 

30^ 

Impact  strength  (in  kgm/ 
(in  hrs.)  at  8OO  C 

cm°C)  at 

^  20°C 

after  heating 

None 

100 

200 

300 

500 

1000 

3000 

25-20 

No 

18  .li 

16.7 

13.2 

lii.5 

lO.I* 

8.1 

5.5 

Yea 

6.7 

7.5 

7.3 

5.0 

3^0 

3.0 

2.3 

25-20 

No 

18.7 

12.9 

8.6 

5.5 

3.3 

2,h 

1.1 

with 

Mn  and 

1.9^  W 

lee 

5.7 

3.3 

1.7 

1.5 

1.0 

1.0 

0.8 

TABLE  90.  Effect  of  Prolonged  Heating  at  800  to  850°C 
on  the  Inpact  Strength  at  Different  Temperatures  of 


Type  25-20  Steel  and  Austenitic  Weld  Metal 


Aging  prior  to 

Hardening 

after 

aging 

Inpact  strength  (in  kgm/cm^) 

Material 

testing 
(3000  hours  at 
800  to  850  C) 

at  temperature  in 

+  20 

850 

No 

No 

9.8 

Type  25-20 

Yes 

N° 

luO 

8.1 

steel 

Yes 

Yes 

lil.O 

Weld  metal 

No 

No 

15.8 

Hi.U 

Yes 

No 

2.3 

8.8 

Yes 

Yes** 

17.3 

Heating  prior  to  hardening  2  hours  at  1000° 
Heating  prior  to  ha  rdening  U. hours  at  1000°, 


Ideating  at  tcrpera  Tea  ranging  from  550  to  875°0  does  not  exhibit 

any  marked  effect  ou  ;.ico)..anical  properties  of  18-''  i  el  welds  with 

single-phase  austenitic  stmcture  or  a  ferrite  content  of  up  to  $%. 

Nevertheless,  two-phase  welds  with  higher  ferrit.e  content  are  very  strongly 

embrittled.  The  inpact  strength  decreases  more  sharply,  the  higher  the 

heating  temperature.  From  the  data  in  Table  91  it  is  apparent  that  a 

2-hour  soaking  of  the  weld  alloyed  with  niobium,  silicon,  and  vanadium 

(0.0856  C,  2.156  Si,  0.8956  Mn,  19.8$Cr,  10. 1^  Ni,  0.82^  Nb,  1.36^  V)>  at 

750  and  850°  causes  almost  as  shEurp 

TABLE  91,  Effect  of  the  Soaking  Tenperature  on  the  Impact 

Strength  of  Austenitic-Ferritic  Welds  of  Type  I8-8  Steel 

Impact  strength  (in  kgm/cm^)  after  heating 
at  temperature  (in  *^0)  and  soaking  (in  hrs) 

No  ■  650;2  650j200  750;  2  850j2 

8.6  7.2  1.3  2.5  2.5 


a  drop  In  irapact  8treT,pi.>i  aa  a  200-hour  soaking  at  650®C.  The  weld  In 
aa-welded  condition  con+  ~.ined  more  than  2S% 

In  Chapter  III  we  showed  thata  2-hour  heating  at  8i?0  to  875°,  so-called 
stabilizing  annealing,  has  a  very  positive  effect  on  the  corrosion  re¬ 
sistance  of  welds.  At  the  same  time,  it  can  bring  about  very  intensive 
embrittlement  of  the  welds  due  to  8 -*•(5  transformation  (Table  92). 
Therefore,  if  the  weld  contains  a  large  amount  of  ferrite,  or  if  highly 
alloyed  with  titanium,  aluminum,  zirconium,  niobium,  vanadium,  the  tem¬ 
perature  of  the  stabilizing  annealing  must  be  somewhat  increased  (up  to 
925  to  950°C),  Table  92  gives  data  on  the  effect  of  the  annealing  tem¬ 


perature  on  the  inpact  strength  of  the  weld,  confirming  what  was  said  before. 
TABI£  92.  Effect  of  Annealing  Tenperature  on  the  Inpact 
Strength  of  Two-Phase  Welds  of  Type  l8-8  Steel 


No.  of 
welds 

Chemical  conposition  of  the  weld 
metal  in  % 

o 

Impact  strength  (in  kgm/cm‘^)  after 

2-hour  annealing  at  temperature  (in  °C) 

C 

Si 

Mn 

Cr 

Ni 

B 

Without 

an¬ 

nealing 

850 

875 

900 

925 

950 

1 

2 

0.07 

0.08 

19.1 

21.0 

8.9 

8,0 

none 

2.3 

16.0 

11.6 

i 

i 

li;.7 

u.s 

16.1 

ll.li 

18,0 

15.U 

15.7 

11.1 

The  effect  of  prr longed  (up  to  UOOO  hours)  soaking  at  650®  on 


the  mechanical  properties  of  l8-8  steel  welds  containing  different 
amounts  of  ferrite  in  as-welded  condition  is  illustrated  by  data  in 


Table  93. 


TABLE  93.  Effect  of  Prolonged  Heating  at  650°C  on  the 


Mechanical  Properties  of  Austenitic-Ferritic  l8-8  Steel  Welds 


No.  of 
welds 

^  tp.  in; 

Typecf 

weld 

metal 

Aniount 

off-phase 

\relSi  L 
as-«^ed 

Soaking 
at  650°C 
in  hrs. 

^  s 

in  2 
kg/mm'^ 

kg/mm^ 

85 

in^ 

I' 

% 

^  in  kgra/cm*^ 

At  temperature 

cofndticn 
in  % 

+  20 

650 

18-8 

Up  to 

0 

27  .U 

Bil 

69.7 

57.7 

mm 

16.7 

3 

with 

10 

500 

31.8 

53.9 

59.9 

- 

1.28^ 

UOOO 

28.3 

70.0 

U6.7 

U1.2 

WBim 

12.6 

Si 

WMM 

18-8 

0 

27.6 

58.0 

61.7 

UU.7 

lO.U 

I5.li 

\x 

with 

3  to  5 

500 

33.6 

63.6 

52.2 

53.3 

8.9 

12.3 

0.9556 

UOOO 

30.0 

65.5 

U1.7 

30.6 

U.8 

10.5 

Nb 

18-8 

0 

2U.8 

59.8 

52.0 

U3.5 

13.1 

1 

with 

3  to  5 

500 

26.5 

62.0 

59.7 

61.2 

9.9 

mm 

O.U556 

UOOO 

23.0 

61.2 

50.0 

6U.0 

9.8 

mm 

Si 

Ip 


Prolonged  heating  at>  causee  some  hardening  of  the  welds  and  decrease 


in  the  relative  elongatio.:  .nd  contraction,  and  has  aii  •  dally  unfavorable 
effect  on  intact  strength  at  room  and  subzero  temperatures.  At  the  soaking 
ten^erature,  the  welds  retain  a  fairly  high  degree  of  impact  strength. 

G.  L*  Petrov  and  V,  V,  Kyrchenov  /102/  note  that  austenite- ferritic  welds, 
the  in^jact  strength  of  which  decreased  to  kgm/cm^  at  room  tenqjerature  after 
being  heated  for  1000  hoiurs  at  600°,  have  fairly  acceptable  characteristics 
at  600°.  Similar  data  are  contained  in  /$6/  and  others. 

Hence,  the  decrease  in  the  weld-metal  Intact  strength,  which  is  caused 
by  the  transformation  S  -*■  6  or  is  of  greatest  danger  to  the  welded 

structures  not  at  the  operating  ten?»elratures,  but  during  the  period  of  temperature 
decrease,  for  exan^ile,  If  the  vinit  is  shut-down. 

It  is  regrettable  that  one  cannot  say  the  same  of  welds  which  become 
brittle  as  a  result  of  aging  at  3^0  to  500°C,  Thus,  for  example,  a  weld 
with  a  two-phase  structvire  which  had  an  initial  inf)act  strength  of  8.6  kgm/cra 

becomes  very  brittle  af  ter  183  hoiirs  of  work  at  li7^C  not  only  at  the  room 

2  2 
ten^erature  (0.3  kgVcn  also  at  the  operating  temperature  (0.9  kgm/cm  ). 

It  was  pointed  out  in  Chepter  3  that  the  degree  of  sigma  phase  formation 
in  two-phase  velds  is  determined  not  only  (or  not  so  much)  by  the  amount  of 


ferrite,  but  also  by  Its  quality  characteristics  (the  system  of  alloying. 


extent  of  alloying  with  cer't'dn  elements,  dispersion  of  the  <5  '•phase). 

Given  equal  chromivun  contents  and  equal  amounts  of  6  -phase,  in  the  Initial 
state  the  welds  which  were  alloyed  with  titanium,  zirconium,  niobium, 

vanadium,  molybdenum  are  most  liable  to  embrittlement  because  of  the  8  0 

transforaatlon.  Silicon  has  a  considerably  weaker  effect  on  16-8  steel  welds 
than  the  above  elements. 

The  e:q>erimental  data  in  Table  9U  gives  clear  indication  of  the  unfavorable 
effect  of  niobium. 

TABLE  9l|. 

Effect  of  niobium  on  the  impact  strength  of  two-phase  austenite-ferritic 
welds  of  l8-8  steelrafter  aging  at  700  and  800°C. 


Veld 

No. 

Chemical  coo^iositlon  of  the 
weld  metal  in  % 

Inpact  strength  (in  kgn/cra  )  after 
aging  (in  hours)  at  tenperature  (in 

°0) 

Nb 

C 

Si 

Mn 

Cr 

Ni 

Without 

700 

— 

800 

aging 

65 

1*50 

725 

2000 

3500 

850 

1 

O.Ul 

0.09 

0.U8 

1.98 

19.2 

11.0 

lli.U 

10.9 

8.6 

6.9 

U.8 

3.9 

5.9 

2 

0.6U 

0.10 

0.U7 

1.95 

18.8 

n.8 

13.0 

11.6 

5.6 

1*.!* 

1.8 

~ 

3.9 

3 

0.88 

0.09 

0.^ 

1.90 

19.6 

11.0 

11;.U 

5.1* 

3.5 

2.9 

1.8 

l.I* 

1.8 

r 


j 


The  data  obtained  lo  Ki.iihausen  and  shown  in  Table  95  give  clear  indication 
of  the  unfavorable  effect  of  molybdenum  on  the  impact  atrrnrth  of  weld  metal 

Ddilch  works  at  high  tenperatures.  The  same  table  gives  the  results  of  intact 

tests  in  bending  on  welded  san^les  made  with  16-13  austenitic  steel  electrodes. 

One  of  the  welds  (No.  1)  does  not  contain  molybdenum,  while  the  other  (No.  2) 

has  2.01$. 


TABLE  95. 

The  effect  of  molybdanum  on  the  Impact  strength  of  16-13  steel  welds 
after  aging  at  650^C  (Kauhausen*s  data). 


Weld 

Chemical  composition 
in  welding  of  No*  1 
in  % 

of  electrodes  used 
and  No.  2  welds 

I  up  act  strength  (in  kgm/cm^) 
at  +20°C  after  aging  (in  hours) 
at  650^0 

1 

No. 

Ho 

C 

Si 

Mn 

Cr 

Ni 

1 - 

Nb 

■ 

200 

600 

800 

lUOO 

1 

None 

0.10 

0.37 

2.19 

15.0 

12.5 

l.lh 

10. u 

9.0 

7.5| 

7.0 

7.2 

2 

2.01 

0.11 

0.33 

2.314 

16.3 

13.2 

l.U 

9.0 

3.0 

2.0 

2.0 

1.0 

The  weld  without  molybdenum  retained  acceptable  iirpact  strength  even 


after  lliOO  hours  of  aging  at  650®C.  The  weld  alloyed  with  molybdenum  became 
brittle  after  200  hours  of  heating  at  650°C. 


Welds  made  with  SV'-Kh25M3  or  Kh25N13  electrodes  containing  idobium  become 


more  brittle  than  welds  made  with  l8-6  steel  electrodes.  This  is  furthered  by 


L 


the  increased  amount  of  t’nr:  ite  In  the  weld  metal.  One  should  refrain  fi*om 
using  the  above  electrodivs  (*ii25N13  and  Kh25N13B)  in  '-i  heat  resistant 

steels.* 

'i  able  96 

The  effect  of  single-pass  weld  cross  section  (dispei&ion  of  8-ferrlte)  on 
its  impact  strength  after  the  8->-  Q  transformation. 


Steel 

Inpact  strength  at  20°C  in  kgm/cm^ 

Type  of  steel 

Type  of  wire 

thickness 
in  mm 

In  natural  state 
(without  aging) 

After  32  hours  of 
heating  at  850°C 

lKhl8N9T 

Kh20N10G6T 

12 

Ih.O 

6.3 

(EI613) 

50 

11.0 

2.5 

The  data  in  Table  96  give  an  indication  of  the  effect  of  the  dispersion 


of  8-fcrrite,  and,  consequently,  of  the  0-phase  on  the  in^jact  strength. 


Here  we  can  compare  single-pass  welds  of  approximately  the  ssone  chemical 


conposltion,  but  made  under  different  conditions. 


A  weld  with  a  small  cross  section  in  12  mm  thick  steel,  where  the 


6 


-phase  is  mre  dispersed,  becomes  brittle  to  a  lesser  degree  than  a  weld 


* 

Yu.  I.  Kazennov  (on  the  basis  of  experiments  with  welds  containing  0.12^  C, 
0,77%  Mn,  0«88^  Si,  2y%  Cr,  11.8^  Ni,  0.97%  Nb),  and  also  G.  A.  Ukolov  and 
V.  M.  Pushkarev  came  to  the  same  conclusion. 


LII 


with  a  larger  cross  eecti  n  io  $Q  imi  thick  steel,  where  the  ^ -phase  exists 


in  the  fonn  of  large  RooV-ons.  Because  of  the  disper^i  vis  of  the  ferrite 


component  the  welds  are  uanaally  less  sensitive  to  prolonged  heating  than 
cast  austenitle  steel  of  same  chemical  compositlor.* 

Preliminary  austenitizing  of  two-phase  welds  In  18-8  steel  (hardening 
at  1050  to  1200^0 )  decreases  the  amount  of  S -phase,  or  wholly  eliminated  it, 
and  makes  the  welds  more  imnune  or  coo^letely  Inmune  to  the  unfavorable  effect 
of  critical  tesperatures*  Relevant  data  concerning  automatic  welds  In  Khl8NllB 
steel  are  given  in  Table  97*  The  cheadcel  composition  of  the  weld  metal  is: 
Q»06%  C,  1.6735  Si,  1.055  Mn,  19.2$  Cr,  9.7$  Ni,  1.01$  Nb,  0.66$  V. 

TABLE  97 

The  effect  of  preliminary  hardening  on  the  impact  strenth  of  two-phase  welds 


of  18-6  steel  subjected  to  prolonged  heating  at  650^0. 


Impact  strength  (in  kgn/m  )  after  a  period  (in  hours)  of  heating 

Preliminary  at  690°C 

hardening 

from  T  ' . 

1100^  Without  heating  200  1000 

None  11.6  3.6  2.9 

les  1U.9  U.9  9.0 

The  hardening  that  follows  at  900  to  1000®C,  as  it  was  pointed  out  in  Chapter  3 
restores  the  mechanical  properties  of  welds,  which  have  changed  as  a  result  of  the 


gigna^phaM  formation  (Table  98) 


TABLE  98 


The  affect  of  aubaeguent  hardening  from  900  to  llt00°  on  tne  impact  strength 
of  welds  after  aging  for  223$  hovirs  at  6^0° 


Chenlcal  conposition  of  Intact  strength  (in  kgm/cm^)  after  aging 

the  weld  metal  in  %  and  subsequent  hardening 


c 

SI 

1 

Mn 

1 

Cr 

N1 

V 

None 

After  1 
hour  of 
heating 
at  900® 

After  1 
hour  of 
heating 
at  1000° 

After  1 
hour  of 
heating 
at  1100° 

After  10 
minutes  of 
heating 
at  lli00° 

0.08 

1.7 

0.81 

18.8 

1 

8.1 

2.3 

2.5 

13.9 

15.0 

13.9 

17.8 

It  should  be  noted  in  conclusion  that  at  the  present  time  there  is  no  one 
opinion  on  the  effect  of  the  0 -phase  on  the  serviceability  of  welds  at  high 
teo^eratxires*  There  are  data  fddch  show  that  over  comparatively  short  periods 
of  service  of  the  metal  before  the  transformation  8-*“  (3  or is  complete, 
the  (5  -phase  does  not  lower  the  heat  resistance  if  the  d-phase  in  dlspered  and 
not  concentrated  along  the  grain  boundaries.  Later  on,  the  presence  of  this 
phase  csn  have  an  unfavorable  effect  on  the  heat  resistance  on  account  of 
coagulation  of  the  (5 -phase  and  softening  of  the  metal.  In  any  case  the 
^pearance  of  the  (5-phase  is  admissible  in  the  weld  metal  of  16-8  steel 


containing  $%  of  tf-phase  working  at  tenqperatures  up  to  650*^0  /2l^3>  252/. 


3«  Effect  of  Cold  Hardenijig  on  Mechanical  Properties  of  Chromium-Nickel 


Austenitic  Steel  Welds 

Austenitic  steels  differ  from  all  other  types  of  structural  steel  in  that  they 

r 

can  be  cold  hardened  to  an  exceptional  degree*  It  Is  widely  known  that  this  property 
of  austenite  is  used  to  advantage  in  parts  maule  from  high-manganese  Hatfield  steel 
(12  to  13^  Mn).  As  a  result  of  plaistic  deformation  chromium-nickel  austenitic  steels 
and  velds  become  stronger  and  less  plastic.  Cold  hardening  greatly  improved  the 
hardness  of  austenitic  velds.  The  increase  in  hardness  may  be  fairly  high  no  matter 
jdiether  it  occurs  as  a  result  of  a  martensitic  or  ferritic  transformation. 

Machine-arc  welds  in  lKhl8N9T  steel  were  strain  hardened  by  10  to  UO^  stretching 
/6l/*  The  results  of  subsequent  tensile  and  bendlng-lrq>act  tests  on  samples  cut  from 
the  cold  hardened  welds  are  given  in  Table  99 • 


The  effect  of  etrain  hardenlj::-g  on  the  mechanical  proorrtie.^  of  the  weld  metal 

of  16>6  eteel. 


Strain 

hardening 

in  kg/n^@^ 

in  kg/n^^ 

V* 

<f  in 

a 

7^ 

in  kgiVciiJ^ 

Hardness 

Nom 

32.5 

60.5 

60.0 

55.6 

10.2  -  11.7 

10.9 

1U9 

1 

1 

10 

1 

36.7 

62.0 

A.7 

6U.0 

I 

7.8  -  8.2 

I 

207 

8,0 

20 

50.8 

1 

69.9 

51».7 

55.6 

a.7  -  5.5 

5.1 

2ia 

30 

i 

i 

1 

1 

62.1 

76.2 

1 

U3.5 

55.6 

2.8  -  U.O 

3.U 

255 

Uo 

1 

70.6 

79.0 

28.0 

55.6 

2.5  -  2.9 

2.7 

262 

The  chemical  composition  of  the  weld  was  0.11^  C,  0,$$^  Si,  0.9U^  Mn,  17.1^  cr 


and  10.8^  Ni. 

It  follows  from  these  data  that  the  yield  stress  of  the  weld  metal  was  more  than 
doubled  as  a  result  of  UO^  strain  hardening,  the  relative  elongation  contracting  to 
the  same  extent. 

It  was  pointed  out  above  (see  Chapter  2)  that  compressive  strain  causes  a  more 

Intensive  decrease  in  the  plasticity  of  the  weld  metal  than  tensile  strain.  Thus,  for 

example,  in  cold  stamping  approxlmaiely  the  same  amount  of  defomatlon  (UO^)  causes 

an  increase  in  the  yield  stress  from  33*2  to  89.0  kg/mm^,  i.e,,  2.5  times,  and  a: 

almost 

decrease  In  the  relative  elongation  by^six  times  —  from  57# 7  to  10.7^,  and  not  by 
half,  as  in  stretching.  In  strain  hardening  by  8ti*etching  the  relative  contraction 
of  the  weld  metal  does  not  vary  for  practical  purposes,  whereas  in  strain  hardening 
by  compression  there  is  a  reduction  of  the  relative  contraction  by  almost  half. 


Th«  xMgatlve  effoet  of  hardening  on  the  plastic  properties  of  the  austeni- 

e 

tlO'^teel  weld  metal  may  r^^sult  In  a  brittle  fracturiiig  of  welded  structures  during 
bending 9  punching  and  pressing*  This  impedes  considerably  the  production  of  austeni¬ 
tic-steel  fittings  and  joints* 

Superior  mechanical  properties  of  austenitic-steel  welds,  lost  through  har- 


Flg*  117*  Effect  of  hardening  in  cold  stanqjlng  and  subsequent  stabilizing 
annealing  on  mechanical  properties  of  l8-6  steel  weld  metali 
solid  lines  -  no  themal  treatment  after  hardening]  dotted  line  -  2-hour 
stabilizing  annealing  at  and  air-ooollng* 


a/ 


denlngf  nay  be  recovered  by  way  of  quene&lng  for  austenite  fron  1100-1150°C.  As  it 


vae  indioatedf  hardenlng.lBf.  howeyer^  undesirable  in  view  of  such  serious  opera¬ 
tional  disadvantages  as  Intensive  scalingy  a  warping  of  the  structure  and  the  oc¬ 
currence  in  it  of  additional  stressesi  due  to  the  practically  unavoidable  nonunL- 
fomlty  of  the  heating  and  air-cooling  of  the  object.  Our  investigations  shoved 
that  hardening  was  not  necessary;  what  suffices  is  a  mere  stabilizing  annealing 
(see  Chapter  III)«  1.  e.«  heating  ux>  to  800-900<^  and  air-cooling.  Heating  of  har¬ 
dened  welds  to  800-9000  causes  an^ intensive  mellowing  of  ferrite*  Heating  to  such 
temperatures  causes  a  coagulation  of  the  excess-phase  particles  precipitated  at  the 
grain  boundaries  during  hardening.  Moreover »  fine  grains  formed  during  hardening 
assume  a  more  uniform^  rounded  shepe,  and  the  Internal  stresses  deaotilratee.  As  a 
result,  the  weld  recovers  its  superior  mechanical  properties^  Fig.  117  presents 


r 


curves  illusiratdng  the  laieflcdal  effect  of  stabilising  annealing  (two-hour 


treatment  at  850®C)  on  tt;-:.  Jaetlclty  and  strength  c,  ^  .  8-3  steel  weld 
hardened  by  cold  standing. 

To  prevent  the  <5-phase  formation  in  welds  whose  i/eD.ded  structure  contains 
the  3 -phase  in  excess^  the  temperature  of  stabilizing  annealing  must  be  raised 
to  between  900  and  9$0°C* 

The  adverse  effect  of  hardening  on  the  plastic  properties  of  the  weld 
metal  can  eliminated  fay  two-ho\ir  annealing  or  by  tempering  at  a  temperature 
lower  than  850°,  for  exanple,  at  650°  to  750°C.  This  can,  however,  be  attained 
only  when  the  S-phase  content  in  the  weld  is  not  over  7  to  10^.  More  prolonged 
heating  at  these  temperatures  may  cause  fujrther  deterioration  of  the  plastic 
properties,  this  time  due  to  the  formation  of  the  -phase.  The  welds,  whose 
cong>08ition  is  given  in  Table  30,  were  10,  20  and  30^  strain-hardened  by 
stretching  and  then  differently  heat-treated.  The  structural  transformations 
caused  by  the  hardening  and  subsequent  heating  are  described  in  Chapter  3» 
Section  5*  The  results  of  intact  tests  in  bending  are  presented  in  Table  100. 

Weld  No.  0  is  not  subject  to  the  -phase  formation.  The  is^act  strength 
lowered  by  hardening  is  restored  after  two-hour  heating  at  750  to 


uU 


Prolonged  heating  at  700  to  650^0,  de^lte  the  hardening,  is  not  only  safe 
but  even  beneficial  to  the  forrite-poor  weld  No.  0. 

Hardening  is  dangerous  for  sigmatization- susceptible  welds.  This  is  evident 
from  the  example  of  2$^20  steel  welds  (Table  86).  It  is  also  dangerous  for  weld 
No.  9,  relatively  rldi  in  ferrite  which  was  alloyed  with  niobium  and  vanadium; 
two>hour  ten?)ering  at  650  to  850°,  including  at  700°C  restores  partially  the 
Impact  strength  of  the  hardened  weld;  but  after  only  7$  hrs  heating  at  700^0 
the  weld  again  becomee 

Table  100 


Effect  of  hardening  and  subsequent  heat  treatment  on  the  shook  viscosity  of  two- 
phase  austenitic-ferrite  18-6  steel  welds* 


Shock  viscosity  (kg/cn^)  at 

20OC 

after  heat  treatment 

s 

|l 

• 

2-hoor  tenpez^z^  at  % 

Isotennic  heating  at  700^ 
for  (hrs) 

s 

.J 

1 

^  S  ! 

650 

700 

750 

850 

1 

2 

7^ 

220 

600 

1100 

0  I 

! 

12.6 

15.7 

16.U 

llz.l 

m.7 

16.1; 

11.9 

11.1 

13.2 

ll;.l 

1 

10 

9.5 

10.U 

13.6 

13.0 

lit.O 

13.6 

10.6 

10.0 

12.5 

15.1; 

20 

6.3 

8.14 

8.7 

10.0 

11.9 

8.7 

BIm 

10.0 

12.9 

15.0 

30 

U.1 

5.6 

6.3 

8.9 

13.1 

6.3 

8.0 

12.1; 

15.0 

9 

None 

33.3 

11.9 

li4.1 

11.9 

3i4.l4 

U;.l^ 

10.9 

6.0 

6.5 

10 

8.0 

9.3 

9.8 

9.8 

11.9 

9.8 

8.6 

5.0 

3.5 

3.1 

20 

U.8 

7.1 

6.5 

6.5 

8.1; 

6.5 

5.1; 

U.l 

2.9 

2.0 

30 

3.8 

5.6 

5.0 

5.6 

7.8 

5.0 

2.5 

2.2 

1.9 

1.9 

< 

r-..  (  ' 

6^7 


brittle^  due  to  the  fonDi>.tion  of  the  G -phase*  On  hardening^  the  weld  9  is  found 
to  be  magnetized  to  a  ratiior  considerable  degree,  it;;  bhock  viscosity  being  3*8 
Itg/csfi^  On  7$-hour  heating  at  700^,  the  shock  viscosity  of  the  weld  is  still  less 
(2*5  kg/oa^}^  and  the  veld  is  nearly  amagnetlo  which  is  an  evidence  of  the  occurrence 

of  &  ^  conversion* 

Sta]i9>lng  (forging)  of  austenitle  welds  strengthens  them  substantially*  So, 
according  to  literature  data,  8taiig>lng  of  2^-20  steel  austenitic  welds  with  a 
ball-die  pneumatlo  hammer  yielded  the  following  results  (Table  101)  t 

Table  101 


Effect  of  duration  of  staitg)ing  on  the  mechanical  properties  of  austexd.tic  welds  [l7l] 


Staiqping  duration 
sec 

5 

10 

30 

60 

120 

,  kg/am^ 

65*5^ 

67.1 

68.5 

68*5 

7h,3 

B  %* 

39.5 

30*0 

28*0 

33*0 

20,0 

^  i 

«  Specimens  50*8  imn  long* 

As  it  was  shown  in  ,  austettLtio  velds  may  be  hardened  spontaneously 

uzkler  the  action  of  shrinkage  stresses  during  welding*  This  phenomenon,  observed 
first  by  F*  I*  Pashukanls,  may  occur  during  the  welding  of  austenitlo-steel  rigid 
solid  Joints*  Spontaneous  hardenii^  strengthens  the  weld  metal  and  reduces  its 
plasticity*  Data  on  spontaneous  hardening  of  welds  obtained  with  Tdr-7  electrodes 
are  given  in  Table  102  (data  of  TsNimiASh,  Central  Scientific  Research  Institute 


of  Teohnology  and  MacbLner^/s 

Tabl«  102 

Effect  of  rigidity  of  welded  Joint  on  the  mechanical  properties  of  the  metal  of 
weld  obtained  \d.th  T{(I>7  electrodes  (data  of  TsNIITMASh) 


Welding  conditions 

Mechanioal  properties  of  weld  metal 

kg/nat^ 

kg/nm^ 

IHl 

Comaon,  without  rigid 

fastening 

38,5 

60.5 

Uo.o 

SD.O 

Rigid  Joint  welding 

52.7 

66.9 

27.14 

U9.2 

The  degree  of  the  spontaneous  hardening  of  the  weld  metal  corresponds  in 
this  case  to  a  hardening  from  'iS%  stretch*  It  is  of  interest  that  the  austenization 
(water-quenching  on  a  two-hour  heating  at  10^0'%)  of  rigidly  fastened  welds  causes 
recrystallization,  1*  e«,  the  occurrence  of  a  fine  equiaxial  structure*  Nonhardened 
welds,  treated  similarly,  show  no  recrystallization*  The  reoiystallization  of  25-20 
steel  anstenltio  welds,  10,  20  and  30^  hardezied,  is  In  evidence  in  the  nicrophoto- 


graphs  in  Pig*  U6< 


TECHNQLOaiCAL  PROBI  FMS  OF  WELDINO  CHROKIUM-N1CKF7 


AUSTiiMTTIC  STEELS* 

Section  1«  Basic  peculiarities  of  the  technology  and  technique  of  arc  welding 
of  chromlvun-nlckel  auetenltle  steels* 

The  specific  physical  properties  of  austenitic  steels,  such  as  their  lower 
heat  conductivity,  electric  reel stance, ^and  high  coefficient  of  linear  expansion, 
all  cause  a  higher  degree  of  warping  during  welding.  Therefore,  the  main  rule 
applicable  to  the  welding  of  austenitic  steels  is  to  use  methods  which  possess 
a  tnaxiraun  concentration  of  heating.  Arc  welding  makes  it  possible  to  obtain  coi- 
centrated  heating  and  for  this  reason  it  causes  less  warping  than  gas  welding,  • 

Automatic  and  aeniiautoinatic  welding  aider  flux  and  gas>shielded  arc  welding  are, 
in  this  respect,  superior  to  bare  arc  and  gas  welding. 

In  connection  with  a  lower  heat  conductivity  and  high  electric  resistance, 
other  conditions  being  equal,  an  austenitic  electrode  waMiag  melts  faster  than 
the  regular  carbcn  rod  (it  has  a  higher  coefficient  of  fusion).  It  is  therefore 

a  aiaat  in  automatic  welding  of  austenitic  sted.B  to  decrease  the  protrusion  of 

*  Technological  prohLana  of  welding  of  austenitic  steels  have  been  discussed  in  detail 
in  the  author's  brochure,  Mashgla  1958,  series  "Blblloteka  svarshchika"  (Welder's  Library). 


tho  electrode  wire  by  a  factor  of  1»5  to  2  as  compared  with  welding  of  carbon 

steels*  During  welding  with  an  austenitic  wire  of  a  5  mm  diameter  and  a  current 

of  500  to  700  amp.f  the  electrode  protrusion  should  not  exceed  50  mm.  In  welding 

with  a  thin  wire  of  a  diameter  from  1.6  to  2.00  mm,  there  is  a  particularly  acute 

need  to  reduce  the  protrusion  (at  d  :  2  mm,  protrusion  should  be  20  to  2$  mm). 

“ebctrode 

An  inorsated  eleotrlc  resistance  of  austenitic  steel  makes  it  necessary  to  use 
relatively  short  electivdes  in  manual  welding  (200  to  3$0  mm  long  Instead  of  the 
usual  U50  sn,  according  to  All-Union  State  Standard  2523-51) «  and  low  welding 
currents  /195/# 

The  poor  heat  conductivity  of  austenitic  steels  makes  it  possible  to  increase 
the  welding  speed  by  using  a  vertical  electrode  without  fear  that  there  might  appear 
such  a  dangerous  defect  in  the  formation  of  the  weld  as  deep  and  sharp  edge 


undercuts,  the  so-called  zone  of  poor  fusion  /l/, 


Th«  lower  heat  conductivity  of  austenitic  steele  ts  welding  to  be  performed 

with  currents  weaker  than  thot<e  recommended  for  plain  rao  . With  one  and  the 

depth  of  fusion 

same  welding  current  the  *■«*■■■< Japrkk  of  austenitic  steels  is  greater  than  that 
of  lowwcarbon  steels* 

18«^  steels  stabilised  with  titanium  or  columbium  can  become  prone  to  knife-’llne 
corrosion  through  excessive  superheating  and  decelerated  cooling  of  the  base  metal 
near  the  welding  line*  For  this  reason  it  is  recommended  to  effect  multipass  welding  of 
thick  aeidproof  steels  in  a  manner  ensuring  an  appropriate  intermediate  eobllng  of  the 
product*  It  le  desirable  that  the  side  of  the  v-top  facing  the  aggressive  medium 
be  welded  last* 

2*  Technological  means  for  preventing  hot  cracks  in  welding  chromium-nickel  austen¬ 
itic  steels 

As  Indicated  In  Ch^ter  U,  a  radical  way  of  preventing  the  formation  of  hot  cracks 
In  ohromium»nlckel  austenitic  steel  welds  consists  In  influencing  the  metallurgical 
welding  processes  by  an  appropriate  supplementaiy  alloying  of  the  weld  metal,  and 
in  applying  oxygen-fTee  and  low<<illlcon  fluxes  and  basic  electrode  coatings*  In  prac¬ 
tice,  in  default  of  electrodes  of  the  composition  required,  resorting  to  technological 


means  for  preventing  the  formation  of  hot  cracks  will  become  necessary  in  many  cases* 


These  means  are: 


1)  changing  the  propoT-ticna  of  welding  and  base  met-A ,  .u  the  weld  metal;  2)  pre¬ 
heating;  3)  deducing  the  cross  sectipn  of  the  weld  and  changing  its  shape;  U)  peening 
(stanq)lng)  of  veldeable  edges  or  underlying  layers* 

Changing  the  proportion  of  the  welding  and  base  metal  can  only  be  effective 
if  the  formation  of  hot  cracks  is  caused  by  a  transition  of  admixtures  from  the 
base  metal  into  the  %reld«  A  salient  example  is  provided  by  the  welding  of  Khl8NllB-type 
acidproof  'NiKh:**Nb  steel*  It  is  known  that  niobium  engenders  the  formation  of  hot 
cracks*  In  automatic  flux  welding  of  Khl6NllB-type  steels,  under  ordinary  conditions, 

with  a  standard  wire  of  brand  Sv-OKhl8N9  the  niobium  concentration  rises  to  highly 

cracks  may  be  avoided 

critical  points  (0.!i  to  0»5%)  and  hot  cracks  occur  in  the  wifeld.  However, /if  the 
niobium  content  Is  reduced  at  least  by  one  half*  To  do  this  the  base  metal  portion 
in  the  weld  has  to  be  reduced  by  one  half,  viz*,  froray  *  0*6  to  0*7  customary  to  all 
flux  weldings  effected  under  ordinary  conditions  to  ^  to  0,k  (thereby  reducing, 
of  course,  the  stability  of  the  weld  against  Intergranular  corrosion)* 

A  diminution  of  the  base  mstal  portion  In  flux  welding  is  obtainable  with  the 
aid  of  the  following  techaologlcal  procedurea/l/i  v^butt  welding;  b)  welding  with 
gap;  o)  welding  with  (forehand)  inclined  electrodes,  and  with  inclined  conqponents; 


d)  multiple  are  welding  with  separated  electrodes;  e)  welding  with  direct  polarity 
d*  e«  current;  f )  welding  with  Increased  arc  voltage;  g)  v&ldlng  with  thin  wire; 
h)  welding  with  ^)lit  electrodes* 

A  substantial  lowering  of  the  base  metal  portion  can  be  obtained  with  v~butt 
welding*  It  was  this  fact  which  some  time  ago  enabled  I.  Z.  Kagan  to  effect  manual 
welding  of  KhlSNllB-type  steels  with  niobiun^free  electrodes.  However«  v-butt  welding 
reduces  the  output  of  the  process*  The  same  drawback  Is  also  Inherent  in  welding  with  gap* 

Twln«»arc  v»butt  welding  with  a  thin  electrode  yields  the  best  results :  a  maxlnium 
reduction  of  the  base  metal  portion  (  ^  ^  0*3^)  is  obtainable  without  Impair¬ 

ing  the  output  of  the  process. 

In  twin-arc  v-butt  welding  of  chromlun-nlckel-nlobium  steels  with  standard  elec¬ 
trodes  of  brand  Sv-OKhl8N9  crack-fTee  welds  are  comparatively  easy  to  obtaint  It  should 
be  kept  in  mind,  however^  that  in  single-arc  welding  of  Khl8NllB-type  steels  with  the 
sans  electrodes  hot  cracks  will  occur  In  the  vbld. 

Preheating  Is  an  effective  means  for  prenrentlng  the  formation  of  hot  cracks  in 
carbon  steel  welds.  It  is  kn^m  that  by  preheating  medium-carbon  steels  at  temperatures 
to  l50-20d^^e  formation  of  hot  cracks  in  the  wbld  will  be  avoided.  The  positive 
effect  of  preheating  is  usually  linked  to  decelerated  crystallization  of  the  weld  pool 


And  the  abatement  of  the  force  factor  due  to  the  deferment  of  the  moment  of  lnten~ 
elflcation  of  the  tensile  stresses  to  the  critical  point. /!/•  Experiment  shows  that 
the  action  of  preheating  is  less  effective  In  the  welding  of  austenitic  steels  than 
In  that  of  plain  steels.  In  many  cases  preheating  enhances  cracking  rather  than 


inhibiting  it.  In  this  connection  It  Is  Interesting  to  note  that  at  the  Welders' 
Conferenoe  of  19$$  in  Frankfort  on  the  Main  /l66/  it  was  pointed  out  that  preheating 
of  Nb  eaxTying  l6«13-type  austenitic  steels  at  temperatures  up  to  $00-$$di^,  still 
in  use  quite  recently^  has  a  harmful  effect:  indeed^ it  enhances  the  formation  of 
hot  cracks.  In  multipass  welding  of  austenitic  steels  It  Is  therefore  advisable  to 
lower  the  preheating  temperature  to  100<*1  let,  according  to  S.  K»  Zvegintsev 
and  E.  A.  Sirota  /32/,  preheating  at  tenperatures  up  to  30^^ appears  to  be  a  help¬ 


ful  factor!  in  welding  KhlSNZ^SS  (Era3S)-type  austenitic  carbide  Nl-Cr-Si  steels 

6  mm  thick 

containing  0.30  to  0.1(0$  C.  In  flux  welding  of/T-speclmens  of  Kh23Nl8  (ElUl? )-type 
steelsi  preheating  inhibited  the  formation  of  hot  cracks.  However,  In  automaticei. 


welding  of  Khl8N12M3T-t]rpe  steels,  even  with  preheating  at  temperatures  up  to 


k$^ 


cracking  could  not  be  avoided.  Preheating  up  to  1^^  proved  useful  In  the  welding 
of  25-13»type  cast  steals.  Khl5N35*^7pe  steels  were  welded  with  the  aid  of  preheating 


at  tsspentorsa  up 


to  70^. 


Thera  is  not,  and  connot  be,  a  universal  recommendation  as  to  the  optimal 

hs" 


t«q>erature  of  prohaatlog  In  welding  auntenitlo  steels. 


The  effect  produced  by  preheating  or  concurrent  heating  nay  differ  depending  on  the 


cos^osltion  of  the  weld  metal,  properties  of  the  steel,  and  other  factors.  It  was 
pointed  out  in  Chapter  III  that  preheating  decelerates  the  primary  crystallization 
in  the  weld  pool;  in  consequence,  it  is  bound  to  influence  the  degree  of  dendrite 
liquation  in  the  weld.  We  are  of  opinion  that  the  different  (useful  or  harmful) 
effect  of  preheating  in  austenitic  steel  welding  can  be  explained  by  its  influence 
on  the  amount  and  nature  of  distribution  of  the  euteotio  oomponent  In  the  weld. 

!Ihe  adverse  action  of  preheating  may  also  be  attributable  to  a  higher  content 

of  harmful  admixtures  in  the  weld  metal  owing  to  a  greater  depth  of  fusion  in  the 

It  is  .  ’ 

base  metal.yfor  this  very  reason  that  excessive  preheating  in  welding  niobium-alloyed 

austenitic  steels  with  nlobixim-froe  electrodes  intensifies  cracking  of  the  weld  metal. 


Fig.  118.  Effect  of  shape  of  Fig,  119,  Effect  of  shape  factor  <|<  on  hot-crack 

weld  on  disposition  of  hot  oracks:  st^lllty  of  pure  austenitic  welds: 

(a)in  convex  weld: interior  cracks;  (a)  dectrode  rod  diameter  5inm;  d)  =  2.0«~2,2:  crack 

(^)ln  concave  weld: exterior  cracks  (B)  diameter  (|)  =  1.2—1. 3  x  no  cracks 

Reducing  the  cross  8ectl<xi  and  altering  the  shape  of  welds  in  order  to  diminate 

cracking  is  very  often  resorted  to  in  manual  welding  of  axistenltic  steels  and  multipass 


welding  under  flux.  It  is  true  that  in  welding  Kh23Nld  (El!^7)  steel  one  sotnetimes 
succeeds  in  avoiding  hot  cracks  in  single-pass  welding  of  metal  ?.Oim  thick.  In  small- 
-size  inultlpase  welds  of  this  steel  cracks  may  appear  in  the  successive  layers  requi¬ 
red  to  fill  in  a  Vee-^roove  in  a  butt  Joint,  A\istenitic  steel  welding  practice  often 
aims  at  obtaining  a  convex  weld  surface  in  preferertce  to  a  concave  one.  Ihis  undoubted¬ 
ly  reduces  the  susceptibility  of  the  weld  to  surface  hot  cracks.  However,  altering  the 
shape  of  the  weld  does  not  by  Itself  wholly  elindnata  the  hazard  of  oraoklng.  In  fact, 
cracks  nay  sometimes  occurjlnslde  the  metal  (see  Fig,  116)  even  though  external  ones 
do  not  appear.  In  welding  under  flux,  lowering  the  weld's  shape  factor  (J)  from  2—2,2 
to  1,2— 1.3  no  doubt  Increases  the  hot-crack  resistance  of  pure  austenitic  steels 
(Fig,  119),  For  this  reason,  in  welding  stable  austenitic  steels  a  thinner  electrode 
rod  of  diameter  3inm,  instead  of  5inm,  should  be  given  preference. 

As  shown  in  woidcs  of  TsNIIlMASh  (Central  Scientific  Research  Institute  of  Techno¬ 
logy  and  Machineiy)  stamping  (peening)  of  edges  resxilts  in  a  finer  structure  of  the 


weld  and  enhances  Its  crack  resistance 


Similar  results  are  obtained  in  riultipass  welding  by  peening  each  layer  /  171,  189/, 
Regrettably,  this  method  of  combating  cracks  cannot  be  utilized  when  welding  under 
flux.  In  effect,  owing  to  the  greater  deptti  of  fusion  involved,  the  welded  layer  of 
metal  is  fused  entirely  and  the  intended  effect  of  obtaining  a  finer  structure  is  not 
achieved. 


Welding  fluxes.  In  the  early  stage  of  automatic  welding  procedures  for  chrondum- 
nickel  austenitic  steels,  fluxes  AN-5  /l2/>  FTsL-1  and  FTsL-2  (Table  103)  were  applied. 

Table  103 

High  silicon  fluxes  previously  used  in  automatic  welding  of  chromium-nickel 

austenitic  steels 

Chemical  composition  in  % 

Brand  of  flux  . . . . — . . . . . — . - . . . .  . . 

S  P 

SiOp  TiOo  CaO  MgO  AloO^  CaFo  JbO - 


AN-5  .  50—52  -  26—30  8— lli  Up  to  2,5  5—7  Up  to  1  0,10  0,10 

FTsL-l .  27,5  10.0  28,5  17,2  12,8  -  U  -  - 

FTsL-2* .  36,0  -  32.0  16.0  6,0  8.0  2  -  - 


*  Calculated  con^sition 

It  should  be  noted  that  a  flux  for  austenitic  steel  welding  has  been  devised  in 
Poland,  which  closely  approaches  the  conposition  of  those  indicated  in  Table  103j  it 
contains:  35  %  SiOj,  IS  %  Al^,  32  %  CaO,  10  %  ligO,  6  %  CaF^  /S6/. 

Experience  gained  in  ithe  application  of  these  fluxes  revealed  a  number  of  shortcomings 


chief  ajaonc  which  being  insufficient  resistance  of  the  >jeld  to  hot  crack  fonnation. 

This  disadvantage  of  acid  fluxes  nakes  itself  felt  nore  pcu’tici;lxi3*ly  in  irelding  rigid 
and  T-joints  as  well  as  in  / 

coxistructionS}  closed-butt  annular  welding  of  vessels j  it  is  of  loss  consequence  in 
welding  readily  deformable  work  pieces  and  in  fusing.  In  vien-r  of  the  drawbacks  enumera¬ 
ted  above,  the  high  silicon  fluxes  have  been  replaced  by  the  low  silicon  fluxes  AN -26 
and  AN-23  (Table  lOU). 

Table  lOU 


Chemical  composition  in  % 


Brand  of  flux 

SIO2 

FeO 

S 

P 

CaO 

MgO 

MnO 

AI2O3 

.  CaF2 

Not  over 

0.06 

0.06 


Hmm  rXisoes  ere  Inccm^arably  better  than  those  used  In  They 


guarantee  •  relartirely  low  oxidation  of  chromlim  and  ensure  a  conQJsratlvely 
high  reeletanoe  of  welds  to  the  formation  of  hot  cracks  when  used' together 
with  austenite-ferritic,  vires* 

Judging  by  the  data  in  literature ^  the  switching  from  the  use  of  high- 
silicon  manganese-free  fluxes  to  the  use  of  those  with  a  lower  silicon  dl- 
oorlde  content  has  bean  aooon^lishad  abroad  too*  At  first  the  UM-20  flux>  with 
a  SIO^  oontenty  was  in  use ,  while  at  the  pz^eeent  the  UM-dO  f lux«  with  a 
2S%  SIO^  and  a  7%  MnO  content  ie  recommended  for  welding  of  austenitic  steels* 
The  oonposition  of  these  fluxes  is  given  in  Table  105* 


Table  105 


Fluxes  used  abroad  for  automatic  welding  of  shromlum-nlckel 


austenitic  eteels  A65*  225/ 


Flux  braixl 

I 

! 

Chemical  oompoaition  in  % 

Remarks 

; 

SiO 

L 

TiO 

2 

- 

CaO 

o 

j 

HhO 

2  3 

CaFj 

:  l»-20 

SO 

30 

10 

None 

i 

1* 

6 

Currently 
not  used 

luM-90 

i 

I 

7 

2 

28 

1 

20 

$ 

Used  in  USA^, 
Fed*  Rep*  of 

IM.60 

1 

38 

r.j: 

22 

10 

7  1 

15 

: 

« 

Germany^  and 
Austria 

The  flux  is  ei^ployed  together  with  the  29-9  type  wire^  with  the 


■  ••  • 


addition  of  li](  nolybdenu»;  In  the  form  of  ferronolybdenun,  to  the  flux./226/« 
Hpl^bdenum  and  ehronluro  ere  added  to  the  liN->68  flux;  the  composition  of  this 
flux  la  not  known  to  us* 

The  low-silicon  iUV>26  and  icn-23  fluxes «  notwithstanding  their  advantages 
in  oonqparison  with  the  fliaes  used  foxmerly  for  welding  of  austenitic  steels^ 
are  already  inadequate  to  contenq>Drary  requirements*  Being  fairly  suitable 
for  welding  of  austenite-ferritic  welds*  these  fluxes  are*  due  to  their  oxi¬ 
dizing  oiq;>ablllty*,oeontamin8tion  of  the  weld  metmL  with  sllioste  impurities* 
and  a  oonsiderabla  passage  of  silicon  into  the  weld  metal*  little  suitable  for 
welding  of  stable  aastenitlc  welds  and  of  high>nlokel  heat-resistmt  alloys* 
The  oocygen-free  fluoride  fluxes  (Table  106)  wbioh  form  praotically  non-oxldiz- 
ing  alage  during  welding*  are  the  moat  suitable  for  welding  of  austenitic 
steels  and  of  hich-niokelrallcTS  (ef*  Cb»  II}* 

Table  106 

Oxygen-free  fluoride  fluxes  used  for  automatic  welding  of  austenitic  steels 


Flux  brand 

Ctf* 

2 

Nap 

SiO 

2 

S 

P 

Not  nore  than 

BKF-l 

92 

— 

5 

Oil 

0,015 

1  A'lF-5  (farmer  de- 
j  signction  BXF-5) 

75-^9 

3^9 

2 

0*08 

0*015 

A  dxaraoteristlc  property  of  the  BKF-1  flux  ia  the  shallw  eleg  which 


I 

it  produces*  As  a  result  ol'  thle^  the  welds  lack  a  sufficiently  smooth  tran« 
sltion  into  the  base  metal.  The  BKF~1  Is  a  non-fueed  flux.  It  is  obtained 
by  grinding  first-grade  fluorspar  (fluorite)  from  idilch  the  ferrous  sulfide 
(pyrite)  has  been  carefully  removed*  The  AW-$  is  a  fused  flux,  prepared 
from  fluorspar  (fluorite)  concentrate  or  from  chemically  pure  CaF^  and  sodium 
fluoxd.de*  Owing  to  the  addition  of  NaF,  the  ANF-5  flux  gives  a  less  shallow 
slag*  Welds  made  with  the  use  of  this  flux  have  a  good  form,  with  smooth  out¬ 
lines  of  relnforeeaent*  Beoause  of  the  lower  adhesiveness  of  the  slag  at  sol¬ 
idification  teoperatuze  of  the  wel4  pool  the  ANF-5  flux  ensuzvs  a  more  com¬ 
plete  elimination  of  hydrogen  from  the  weld  metal* 

Electrode  wires*  The  welding  wire  standard  0Q6T  22h6-51,  which  was  in 
effect  until  May  Ist,  failed  to  take  into  consideration  the  demands 

which  welding  engineers  placed  i^on  electrode  wires  for  welding  of  the  austei>> 
itlc  l8-8  type  steels*  Wp  have  repeatedly  eophasized  that  the  presence  of  a 
ferzd.tic  eonponent  must  be  ensured  in  welding  of  this  type  of  steels»  which 
is  necessazy  in  ozrler  to  avoid  the  formation  of  hot  cracks  as  well  as  to  gupzw 
antes  the  corrosion  resistance*  For  realisation  of  this  requirsnent  it  is  in¬ 
dispensable  to  have  a  welding  wire  of  a  corresponding  composition,  where  the 


content  of  ferritizers  Is  higJier  than  that  of  austenizoro*  However,  should 
one  coneiilt  the  QC6T  221^6-51^  it  will  show  that  a  lir’j  ter!  content  of  ferri- 
tizere  and,  conversely,  an  excessively  high  content  icKol  (up  to  11^), 
is  the  characteristic  feature  of  the  l8-8  type  austenitic  wires* 

The  experience  of  utilizing  the  standard  Sv-Kh  (0?ChlBN9)  type  wires  in 
the  course  of  many  years  has  shown  that  all  too  many  melts  had  to  be  rejected 
due  to  the  presence  of  cracks  in  the  welds*  It  is  known  that  the  S -phase 
hampers  hlgh-tcaperature  mechanical  processing  of  the  18-8,  25-12,  and  slm^* 
liar  type  steel  Ingote*  The  makers  of  austenitic  wire  therefore  always  strive 
to  conduct  the  melting  of  these  steels  in  such  a  way  that  the  amount  of  the 
8 -phase  is  at  a  ndniraum*  For  this  purpose  the  contents  of  chromium  and  sil¬ 
icon  in  the  steel  are  reduced  to  the  lowest  limit  permitted  by  the  standard, 
while  the  concentrations  of  nickel  and  carbon  are,  on  the  other  hand,  brought 
up  to  the  highest  permissible  limit* 

A  number  of  studies  clearly  indicate  that  the  ratio  of  the  Cr  and  Ni  con¬ 
tents  should  not  exceed  1.8,  which  means  that  at  lQ%  of  chromium  the  wire  must 
have  not  less  that  lOjE  of  nickel,  according  to  the  opinion  of  metalliirgists* 

As  a  consaquance  of  tills  the  Sv-OKhlSN?  type  welding  wire  usuality  contained 
10— 11J(  of  nickel,  not  more  than  18$  of  chromium,  and  0*2— 0*3^  of  silicon*  When 


thla  typ«  of  wire  is  vised  in  welding^  the  weld  has  as  a  rule  the  least  re¬ 
sistance  to  hot  cracks*  It  is  perfectly  obvious  that  such  n  situation  could 
not  have  been  endured  any  longer^  it  was  necessary  to  alter  the  ratio  of  the 
ferrite-forming  eaD9)onents  and  of  the  austenite-forming  ndnlxtures  in  wires 
used  for  welding  of  the  Ift^  type  steels*  A  reduction  of  the  svvlfur  content 
of  the  welding  wire  was  also  ioperative*  Ob  the  basis  of  experiments  conduct¬ 
ed  within  the  recent  years  and  of  the  experience  of  many  plants^  new  conpo- 
nents  for  wires  employed  in  welding  of  the  18-8  type  steels  were  proposed* 


Soae  of  the  new  wlre^  are  irv'.luded  in  the  OOST  22h6-5li»  which  beoams  effective 


on  Kay  letj  19$U»  Their  co-posltlon  is  given  In  Tbalc  107,  along  with  the  com- 

position  of  the  18-8  t;^e  vires  manufactured  as  prsscrlr<ad  by  the  old  standazxi 

e 

and  given  here  for  coirqjarison* 

Experiments  have  shown  that  the  Sv-OKhl6N9S2  type  wire  Is  equally  svdtable 
for  both  automatic  and  manual  welding  of  austenitic  steels.  It  ensures  a  high 
resistance  of  the  welds  to  hot  cracks  and  non-susceptiblllty  to  Intergraniilar 
corrosion  when  in  the  natural  state* 

The  Sv-Khl8lI12M  type  wire,  made  as  specified  by  the  1951  standard,  as  well 
as  the  similar  to  it  brand  KEhOO  wire,  also  causes  hot  cracks  in  welds  in  a 
number  of  cases  when  the  nickel  content  is  near  the  upper  limit  (Ih^)  and  the 
silicon  and  chromium  contents  are  near  the  lower  limits  (0.2—0.3  and  18^,  re¬ 
spectively)*  The  nickel  content  had  therefore  to  be  limited  to  12%,  and  that  of 
sulfur  to  0,02%, 

The  use  of  welding  wires  given  in  Table  107  does  not  guarantee  that  welds 
resistant  to  intergranular  corrosion  under  effect  of  critical  temperatures  will 
be  obtained.  Ihe  Sv-oKhl8N9S2  type  wire  solves  this  problem  only  partially  in 
those  eases  when  the  base  metal  pontent  oCuthe'tfeld  is  at  a  minimum  (y^O.liO) 
and  when  its  silicon  content  can  be  Incrsased  to  1*6— 1*7^.  When  square-butt 


. . . - py----.  ■ 


welding)  Y  ®  Insult  of  which  the  alUcon  concentration  In  the  lKhl8N9T 

type  steel  welds*  welded  with  the  Sv-OKhl8l]9S2  type  wiro)  usuallyy  does  not  ex¬ 
ceed  1«2*^1«3^* 

Ihe  COST  22lt6-51i  provides  for  production  of  titanium  and  niobium  alloyed 
wires  for  the  purpose  of  obtaining  stabilized  welds  (Table  108 )•  According  to 
the  OOST  these  wires  must  be  used  onJ.y  for  manual  welding  (Table  108)» 

The  titeniun-oontalning  Sv-lKhl8N9T  type  steel  wire  is  enploed  not  only  in 
manusl)  but  also  in  electric  gas  welding.  As  a  consequence  of  the  development 
of  oxygen-free  fluxes  it  may  also  be  used  for  automatic  submerged-arc  welding* 
in  which  case  it  is  desirable  for  the  titanium  content  of  the  wire  to  be  not  less 
than  0,7^0 

The  works  of  N.  Tu.  Pal'chuk,  lu.  I,  Kazennov*  Ye.  V.  Sokolov*  and  S.  V. 
lunger  have  shown  that  the  niobima-eontalning  Sv-lKhl8N9B  type  steel  wire  may  be 
used  in  manual  welding  only  under  the  condition  of  additional  alloying  of  the  weld 
with  silicon  and  molybdenum  and  of  enployment  of  coating  of  maximum  basicity  in 
order  to  escape  hot  cracks.  For  the  sane  pprpose  L.  M.  Yarovinskly  and  V.  7. 
Bazhenov  sxiggest  Introduction  of  metallic  chromium  or  ferrochromium  into  the  coat¬ 
ing  if  the  nickel  content  of  the  wire  is  more  than  9^*  Thus*  for  exanple*  the 

r 

Tb-11  type  eleotmdes  must  be  additionally  alloyed  with  chromium*  so  that  at 

Yf'/ 


9-- 10j{  or  of  nickel  lliore  would  bo  20$  od  22$,  respectively,  of  chroraium 


in  the  weld*  The  Khl8HllB  type  ete6l  wire  cannot  be  recixnraended  for  flux  weld¬ 
ing  of  the  lKhl8N9T  type  steel,  since  oven  the  use  of  oxycen-free  fluxes  fails 
to  guarantee  the  absence  of  hpt  cracks*  Besides,  its  niobium  content  is  insuf¬ 
ficient  for  stabilization  of  square-butt  welded  welds* 


It  has  been  noted  tliat  ‘?v-Khl6NllB  rod  and  the  rod  vdth  an  increased 


(up  to  2*2)  niobium  content  v suggested  at  the  tine  by  the  Central  Scientific 
Research  Institute  of  Technology  and  Machinery)  are  not  recommended  for  auto> 
matic  flux  welding.  This  rod  does  not  make  the  velds  resistant  to  hot  cracks} 
azKl  in  %reldlng  on  both  sides  when  the  Nb  content  increases  in  the  weld  and  cracks 
might  not  appear,  a  decrease  in  the  plastic  properties  of  the  veld  is  observed* 
Austenitlc«ferrlte  rods  are  the  most  suitable  for  welding  of  acldproof 
18-6  steels}  these  rods  provide  for  a  conplex  additional  alloying  of  the  veld 
with  chroKLom  -  silicon  -  vanadium  OKhl6N9F2C  (KI606),  chromiiun  -  silicon  - 
vanadium  -  niobium  (0Khl8N9FBC  (£161*9)  /^dale  IO8/,  and  also  Ti  +  Al(EI793)*. 

Here  as  well  as  in  foreign  countries,  rods  with  an  increased  content  of 
ferrite- forming  mixtures  are  lately  being  used  in  the  welding  of  austenitic 
steels*  Thus,  for  instance,  a  new  American  standard  of  19^1*  planned  a  production 
of  electrodes  idiich  provide  for  two-phase  weld  structure* 

As  has  been  mentioned  earlier,  in  the  USA,  a  29-9  steel  rod  with  or  without 
nioblxua  is  used  in  flux  welding,  and  in  (Germany  —  18-8  steel  rod  with  2  to  2/$% 
8iHcon/l65,  225,  232/- 

*  EL793  rod  has  been  developed  by  the  Kharkov  Branch  of  the  Scientific  Research 
Institute  of  Chemical  Machinery* 


f// 


In  conclusion  it  is  i^ceasary  to  note  that  in  flux  welding  of  austenitio 
steels,  the  output  of  hlglv'.i  ality  welds  is  primarily  dete; mined  by  the 
properties  of  the  irod*  Therefore,  in  welding  various  austenitic  steels 
the  same  flxix  may  be  used,  while  the  nelection  of  tM  c  or  that  type  of  rod 
will  idioUy  depend  on  the  type  of  steel  and  on  conditions  under  which  the 
rod  will  be  used. (see  Chaqster  2,  paragraph  1). 

In  Chapter  U,  it  was  repeatedly  emphasized  that  not  austenitic- ferrite  but 
pure-austenitic  electrodes  are  necessary  in  weldlrig  stable  austentic  steels. 

It  is  necessary  here  that  the  silicon  content  in  the  weld  be  least  and  the 
carbon  concentration  be  increased.  As  a  result  of  welders’  requirements, 
the  silicon  content  of  the  standai*d  welding  Sv-Kh2^20  steel  rod  is  decreased 
from  year  to  year.  However  the  rod  mentioned  above  (Table  109)  cannot  as  yet 
be  considered  useful*  This  rod  has  a  great  tendency  to  produce  hot  cracks  in 
the  welds,  since  the  mere  decrease  in  silicon  content  does  not  yet  solve  the 


problem. 


Variation  in  chemical  ccinpocri  iion  of  the  standard  rod  for  welding  of  25-20  steels 


Year  the  stan¬ 
dard  vas  issued. 

Chemical  con^ositlon  in  % 

C 

Si 

Mn 

Cr 

- rn 

Ni 

S 

P 

not 

more 

than 

not  me 

3re  than 

19U3 

0.15 

Not  more  than  1.0 

m 

2h  -  27 

19-21 

0.030 

0.030 

1951 

0.12 

Not  more  than  0.7 

2li.O  -  27.0 

19.0  -  21.0 

0.03 

0.03 

1951i 

0.15 

1 

1 

0.20  -  0.50 

■ 

2U.0  -  27.C 

17.0  -  20.0 

0.02 

0.03 

Aastenltlc  electrode  rods  for  welding  25-20  steels 


On  the  basis  of  Joint  investigations  ty  the  Institute  of  Arc-Welding  and  the 


"ELektrostal*  "  plant,  new  types  of  rods  are  suggested  I'or  welding  25-20  steels. 
These  rods  have  a  low  silicon  content  and  an  increased  carbon  content;  their 
nickel  is  partly  substituted  by  manganese;  additional  alloying  with  tungsten 
and  vanadium  is  specified  (Table  110).  Due  to  its  negative  effect  on  the  scale- 
resistance  of  welds,  the  rod  containing  vanadium  must  not  be  used  in  making 
oonstructlons  the  welds  of  tdiich  operate  at  temperature  more  than  900^0. 

The  production  of  austenitio-ferrite  rods  havlngVlarge  quantity  of  S-ferrite 
and  austenitic  rods  with  low  silicon  content  presents  difficulties  to  metallurgists. 
In  the  first  case^the  hindrance  lies  in  poor  workability  of  the  two-phase 
Ingots,  in  the  second  —  the  necessity  of  working  •  melts  in  '  the  induction 


if^ 


furnaces  on  particularly  elJA con-free  raw  materials.  Both  difficulties  can  be 
eliminated,  if  the  ingot «  T>i"  weld  rods  will  be  made  a  ,  .ding  to  a  new  method 
devised  by  the  Institute  of  Arc-Welding  /lOl/.  This  method  provides  for  a 
melt  without  an  arc  with  a  consumable  electrode  In  a  copper  water-cooling 
crystallizer*  Following  the  favorable  results  of  primary  crystallization  of 
the  ingot  and  the  uniform  distribution  of  S-ferrite,  the  ingots,  cast  by  the 

new  method,  easily  endure  the  hot  mechanical  process,  rolling  and  forging* 

r 

There  are  no  difficulties  at  all  in  obtaining  metal  with  a  low  silicon  content 
by  using  a  consumable  electrode  of  weld  silicon- free  Sv-08  rod  and  by  conducting 
the  melting  under  silicon- free  oscygen-free  fluoride  slag. 

Earlier,  it  was  mentioned  that  in  a  nuniber  of  cases  ft  is  necessary  to  control 
the  amount  of  5-ferrlte  in  the  welds:  in  the  case  of  welding  heat-resistant  steels, 
this  is  necessary  to  avoid  intensive  sigma  phase  formation  of  weld  metal;  in  the 
case  of  welding  acidproof  steel,  this  is  necessary  in  order  to  avoid  decreasing  the 
ovejr-all  chemical  resistance  in  the  nonacldif^ng  media.  Therefore,  in  many  countries, 
great  attention  is  given  to  the  development  of  methods  for  evaluating  the  amount  of 


-ferrite  in  veld  rods,  electrodes  and  fUsed  metal 


The  emount  of  ferrite  can  be  detendned  by  the  ratio  of  the  area  occupied  by 


the  S-phaee  in  the  field  of  vision  at  a  magnification  of  100  to  300  times  (depending 
on  the  degree  of  straoture  refinement}  to  the  entire  surface  of  the  miorophotograph 
9  X  12  or  13  X  18  nu  Vftien  the  soele  of  "Zaporozhstal*  "  is  used  (Table  7)«  the 
amount  of  ferrite  is  thus  determined,  i*e.,  by  the  relationship  between  the  areas 
of  ^'phase  and  the  entire  nicrophotograph.  At  the  present  time,  physical  methods 
for  evaluating  the  amount  of  8 -ferrite  are  being  used:  according  to  magnetic 
penoeahility  of  the  sample  when  using  a  *feriitometer'’  or  according  to  the  intensity 
of  the  interference  lines  on  the  Debye  crystallogram  when  using  X-ray  structural 
analysis.  Inddehtally,  Ih  Brltaih^  a  pocket  ferritometer  has  been  devised  which 


by  the  needle  dsAection  cf  t>i3  galTanometer  makes  It  possible  to  evaluate 
the  amount  of  ferrite  directly  In  the  welds  without  destroying  them  (Fig.  120). 


0^0.3  ■ 


Fig.  120,  Ferritometer  for  Fig,  121.  Diagram  e:q)laining  the  difference 

determining  the  amount  of  In  the  indices  of  the  amount  of  ferrite  in 

ferrite  in  welds  of  the  weld  when  using  metallographic  and 

austenltie  steels.  physical  magnetic  methods. 

In  evaluating  the  amount  of  ferrite  by  means  of  the  ferritometer,  the  gauge  point 
according  to  the  S  -phase  is  always  considerably  lower  than  the  determination  of  the 
ferrite  amount  obtained  by  the  metallographic  method.  Here,  however,  there  is  no 


contradiction*  The  metallograpoic  method  takes  into  account  the  relation  of 


areas,  and  the  magnetic  method  ..akes  into  account  the  relatl'<r.  of  the  volumee 
of  the  varloue  phases*  This  can  be  seen  from  the  following  exaii;>le* 


Let  the  elementary  volume  of  a  metal  9cube  of  side  A)  contain 
ferrite  of  a  volume  q}  (Fig.  121),  where  a~  0.3  A.  In  the  metal- 
lographlc  method,  the  amount  of  ferrite  F^  is  (a^A^) *100  =  9^,  while 
in  the  magnetic  method,  Fg=  (a^/A^)  •  100 --  -  .7/,  or  three  times 
less  (Fig.  121). 
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4.  Flvtx  welding  of  the  most  widely  used  chromium-nickel 
austenitic  18-8  steels 

In  modern  technology,  the  purpose  of  flux  welding  is  to  obtain 
austenitic-ferritic  welds  of  18-8  steels  (lKhl8N9T,  KhlSNllB, 

Khl8N12M2T,  Khl8N12M3T,  Khl8N9S3  etc.)  as  well  as  single-phase 
welds  of  25-20  steels  (Kh23N18,  Kh23N23M3D3  and  other). 

Welding  of  chromium-nickel-titanium  liail8N9T  steel.  AN-26  or 
ANF-5  fluxes  are  used  in  automatic  and  semiautomatic  welding.  The  brands 
of  electrodes,  the  mode  and  the  techniques  of  welding  (the  order  in 
which  the  welds  are  made)  are  chosen  depending  on  the  specific  condi¬ 
tions  in  which  a  welded  structure  is  required  to  perform. 

However,  regardless  of  the  conditions  for  which  a  given  structure 


is  designed,  the  electrode  should  have  the 


minimum  admissible  amount  of  nickel,  preferably  not  more  than 
8' to  9  per  cent.  The  use  of  high-nickel  electrodes  (for  instance 
15  to  20  per  cent)  cannot  be  tolerated  by  any  means.  Fig.  122  shows 
as  an  example  the  macrograph  of  a  double  butt  weld  of  30  mm  thick 
lKhl8N9T  steel.  One  of  the  welds  (b)  is  erroneously  welded  with  a  25-20 


Fig.  122.  Macrograph  of  a  30  mm-thick  automatic 
butt  weld  of  lKhl8N9T  steel: 

a)  crack-free  weld,  made  with  a  Sv-OKhl8N9  electrode; 

b)  weld  with  crack,  made  with  a  Sv-Kh25H20  electrode. 

steel  electrode.  This  weld  is  of  a  purely  austenitic  structure  and 
is  affected  by  hot  cracks.  The  other  weld  (a)  is  made  with  a 
Sv-0Khl8N9  electrode;  it  is  free  from  cracks  and  has  an  austenitic- 


ferritic  structure 


In  the  welding  ol  structures  of  the  first  group  (see  Chapter  II, 


Section  1),  the  welds  in  their  natural  state  are  required  to  be  resis¬ 
tant  to  intergranular  and  overall  corrosion.  Occasionally,  this 
requirement  can  be  met  by  using  the  standard  Sv-0Khl8N9  or  Sv-Khl8NllM 
electrode  brands,  provided  that  the  welds  are  free  of  hot  cracks.  Stil] 
better  results,  are  obtained  by  using  the  hlgh-sillcon  electrode,  brand 
Sv-0Khl8N9C2.  When  electrodes  of  the  .’said  brands  are  used  in  welding, 
the  welds  that  are  supposed  to  face  an  aggressive  medium  should  not 
be  again  Subjected  to  welding  heat.  This  means  that  in  the  manufacture 


of  most  vessels,  where  the  inner  welds  are  the  working  ones,  it  is 


essential  that  the  inoi.de  be  welded  after  tn*,  outside  welding  is 
completed.  Here,  the  first  weld  has  to  be  weiued  in  free  suspension 
which  is  extremely  inconvenient  because  avoiviing  gaps  between  the 
butts  is  not  possible.  Hence,  high-silicon  Sv-0KhlSN9  electrodes 

and  others  of  this  type  - '  should  be  primarily  applied  in  single  full-penetra¬ 
tion  welding  or,  on  condition  that  the  working  welds  can  be  made 
first,  in  double  welding  also,  as  well  as  if  the  -.elded  structures 
are  required  to  perform  in  moderately  aggressive  media.  In  V-butt 
welding,  0Khl8N9S2  electrodes  can  be  used  with  good  results. 

In  the  welding  of  structures  of  the  first  group,  the  best 
results  are  obtained  with  OKhl8N9F2S  (EI606)  electrodes,  the  use  of 
which  ensures  additional  alloying  of  the  welds  with  vanadium  and 
silicon,  or  using  Sv-lKhl8N9T  or  0Khl8N9TYu  electrodes  in  combination 
with  flux  ANF-5. 

When-welding,  structures  of  the  second  group  the  welds  of  which 
perform  in  aggressive  liquid  media,  and  are  periodically  exposed  to 
critical  temperatures,  the  vanadium-silicon-bearing  electrode,  brand 


0Khl8N9F2S  (EI606)  iiia>  bo  successfully  applied.  The  vanadium- sill con- 


niobium-bearing  electrode,  brand  0Khl8N9FBS  (i'.I649)  laay  be  used  also, 
provided  thorough  checking  for  hot  cracks.  Electrode,  brand  Sv-lKhl8N9T 
or  OKhl8N9TYu  may  be  used  in  combination  with  flux  ANF-5. 

It  should  be  emphasized  that  if  OKhl8N9F2S,  0Khl8N9FBS, 

Sv-lKhl8N9T  electrodes  are  used  in  welding,  the  order  in  which  the 
working  and  the  backing  welds  are  made  is  hardly  of  importance  and 
does  not  practically  effect  the  corrosion  resistance  of  the  welds. 

If  the  working  medium  is  highly  aggressive,  it  is  desirable  that 
the  weld  joints  be  stress-relieved  by  stabilization  annealing,  no 
matter  which  of  the  three  said  electrodes  is  used.  This  eliminates 
the  posibility  of  knife-line  corrosion  and  of  corrosion  under  stress. 

For  the  welding  of  structures  of  the  third  group  which  perform 
continuously  at  critical  temperatures,  the  brand  of  electrode  should 
be  chosen  on  the  basis  of  the  following  security  requirements: 

1)  corrosion  resistance  in  liquid  and  in  gaseous  media,  2)  resistance 
to  scaling,  3)  stability  of  the  microstructure  and  prevention  of 
8 -phase— ►O' -phase  regeneration.  Alloying  systems  that  would  in 
equal  measure  meet  each  of  the  said  requirements  are  not  and  cannot  be. 


If  it  is  the  sect-r.d  and  the  third  requirements  that  are  to  be 


primarily  considered,  ;he  high- chromium- si  11  coxx  Sv-0khi8N9  or 
Sv-0Khl8N9S2  electrodes  should  be  used.  In  this  kind  of  welding, 
the  immunization  period  of  the  weld  is  not  too  long,  while  the 
increased  content  in  silicon  and  chromium  has  a  beneficial  effect 
on  the  scale.:  :  resistance  of  the  weld.  The  relatively  small  amounts 


of  S -phase  that  are  to  be  found  in  welds  i^ade  with  Sv-0Khl8N9 
electrodes,  ensures  adequate  resistance  to  <5 -phase  foriflation  under 
exposure  to  critical  temperatures.  Owing  to  chromitim  and  silicon, 
welds  made  with  Sv-0Khl8N9S2  electrodes  are  more  resistant  to  scale 
formation  but  their  higher  8 -phase  content  makes  them  somewhat  more 
susceptible  to  (J -phase  formation. 

If  corrosion  resistance  is  required  in  the  first  place,  the 
0Khl8N9F2S  (EI606) ,  0Khl8N9FBS  (EI649)  and  lKhl8N9T  electrodes  should 
be  used.  Since  tests  revealed  that  vanadivua  Slightly 

reduces  the  scaling  resistance  of  welds,  the  last  two  electrodes 
should  be  given  preference.  Here,  it  should  be  kept  in  mind  that 
niobium,  as  Incidentally  vanadium,  chromium  and  silicon,  contribute 
to  <y  -phase  formation  in  the  welds.  It  is  irrelevant  in  which  order 
the  structures  of  the  third  group  are  welded. 

If  lKhl8N9T  steel  is  used  as  heat-resistor,  the  electrode 
brands  Sv-Khl8NllM  (after  a  thorough  hot-crack  check)  and  Sv-lKhiSN9T 


may  be  applied 


The  industrial  methods  by  which  lKhi8N9T  steel  of  various 


thickne?ses  is  flux-welded  are  to  be  found  in  works  /125,  4O,  111 
and  142/  as  well  a;  in  the  pamphlet  of  this  author. 


Fig.  123.  Macrographs  of  automatic  austenitic-steel  veld 

a)  double  square  butt  weld  of  35  uiia  thick  lKhl8N9T  'Steel 

b)  same  for  steel, 40  mm  thick,  c)  fillet  veld  of  12  mm 


thick  Khl8N12  steel. 
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Oj.  .*  szeci*.#  i-owcvGX'j  ;>i,  cnruipss  in  'the  ewse  o\! 

multi-pass  V  butt  velding.  When  using  wire  with  a  hi*-h  f write  ft1')r'..vr.d 

id.th  titanium,  vanadium  and  niobium,  enbi  ittlciru-ui-  of  tiio  wold  is  pooniblo 
already  during  tiie  welding  process.  A  decline  in  the  plastic  properties  of  the 
weld  is  all  the  more  possible  as  a  result  of  the  effect  of  the  service 
temperatures,  'fherefore,  multi-pass  welds  must  be  made  according'  to  the 
following  procedure.  Almost  all  sections  of  the  V  butt  must  be  filled  with 
anSv-OKhl8N9  or  Sv-0Khl8N9S2  wire,  while  lKhl8N9T,  EI606  or  EI6U9  wires 
are  used  only  for  depositing  the  upper  layer  facing  the  aggressive  medium. 

This  eliminates  the  danger  of  embrittlement  of  the  weld  metal  and  preserves  its 
resistance  against  the  aggressive  medium,  ^’his  is  equally  true  other 
methods  of  arc  welding  of  austenitic  steels  of  great  thickness, 

Vfelding  of  KhlSNllB  chromlum-nickel-nloblura  steel.  This  steel  differs 
from  lKhl8N9T  steel  not  only  by  the  fact  that  titanium  is  replaced  by 
niobitun,  but  also  by  a  higher  nickel  content.  Welding  of  chromium-nickel- 
nloblum  steels,  which  have  a  tendency  to  cracking  not  only  in  the  weld  metal 
but  also  in  the  zone  adjacent  to  the  weld,  involves  certain  difficulties; 
more  conplex  procedures  are  in  many  cases  required. 
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Wire  having  the  '■*)  corposition  as  the  base  metal  must  never  be 


used  in  welding  of  tiiis  kind  of  steel*  When  selecti.ie  :  i  electrode  wire 

for  welding  these  steels  it  raist  not  be  forgotten  tliat  niobium  intensively 

promotes  hot  cracking,  and  this  detrimental  effect  of  alobium  becomes  .extremely  stror 

as  the  nickel  and  carbon  content  increases*  Khl8NllB  steel  must  be  welded 

under  ANF-5  flux;  the  use  of  AN-26,  AN-23  and  similar  fluxes  is  not 

recommended. 

Sv-0Khl8N9  or  Sv-OKhl8N9C2-type  wire  can  be  used  in  welding  of 
structures  of  the  first  group,  like  in  welding  of  lKhl8N9T  steel.  However, 

V  butt  welding  becomes  mandatory  in  this  case.  Single-arc  welding  is  not 
recommended  for  crucial  structures,  even  in  the  case  of  V  butt  joints. 

Twin-arc  welding  with  thin  (2  to  3  mm  diameter)  separated  electrodes  is  to  be 
applied.  Welding  can  also  be  done  with  square-butt  joints,  but  the  mentioned 
wires  must  not  be  used  in  this  case.  In  square-butt  welding  of  Khl8NllB  steel 

weldments  it  is  necessary  to  use  a  OKhl8N9F2S  (EI6O6)  chromium-nickel- 

r 

silicon-vanadium  wire,  0Khl8N9FBS  (EI6U9)  wire  containing  niobium  is  not 
necessary  here,  since  the  weld  becomes  alloyed  with  niobium  through  the 
iRftSSSge-  of  the  latter  from  the  base  metal  melted  by  the  arc  into  the  weld  pool. 


We  already  mentioned  that  in  square-butt  welding  of  Khl8NllB  steel  containing 


up  to  1^  niobium,  up  to  0.i>  to  0,6%  niobium  '  ipaasCb  '  Into  the  weld. 


It  is  desirable  to  apply  preliminary  heating  in  welding  of  KhlSJIUB  steel. 
Heating  to  not  less  than  600  to  650°G  is  required  in  welding  with  an 


5v-OKhl8N9  type  wire.  However,  if  welding  is  done  with  a  wire  containing 


vanadiuoii  the  heating  temperature  nay  be  reduced*  In  rnany  cases,  heating  of 


KhlSNUB  steel  is  not  necessary  at  all  vhen  using  aiEl606  vrlre*  Ai£I793 
wire  nay  be  used  /236/* 

According  to  experimental  data,  a  2^-8- type  wire  can  be  used  in 
square-butt  welding  of  KhlSNUB  steel,  and  cu:cording  to  data  from  the 
literature  a  29-9-'type  steel  wire  also*  It  nust  be  pointed  out  that 
chromium-nickel  steels  containing  niobium  are  more  often  used  for  constant 
service  at  high  tenperatures  than  l8-8-type  steel  containing  titanium* 

'^'he  necessity  of  ensuring  reals taQpeodft.'Uie'..weid  against  formation  of  the 
sigma  phase  therefore  becomes  first  and  foremost*  Proceeding  from  this  idea, 
it  cannot  be  considered  expedient  to  use  welding  wires  with  an  elevated 
chromium  content  (2^-8  and  29-9)*  'Ihe  same  is  true  —  though  to  a  lesser  degree 
for  OKhl6N9F2S  (EI606)  wire  containing  vanadium*  In  a  number  of  cases  it  Is 
therefore  desirable  to  use  an.Sv-OKhl8N9S2-tyi»  wire  in  welding  of  structures 
of  the  third  garoup,  in  spite  of  the  necessity  of  applying  more  conplex 
procedures  (V  butt  welding,  twin-arc  welding,  heating,  welding  with  "split" 
electrodes}* 

Hot  cracking'  in  the  vlclnlly  of  -the  weld  is  a  specific  peculiarity 
in  welding  of  chromlunHnlckel-niobium  steels*  The  danger  of  this  kind  of  hot 
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cracking  can  be  sonie>/hat  reduced  by  heating  the  part  to  be  welded  and  by 


welding  at  regimes  characteilzed  by  a  low  energy  per  unit  length.  Calking 
of  the  edges  may  also  prove  useful*  'ihe  appearance  of  high-ten^erature 
ferrite  in  the  base  metal  at  the  fusion  line  prevents  crystallization  cracking 
in  the  vicinity  of  the  weld. 

It  is  not  without  Interest  to  point  out  that  flux  welding  of  chromltim- 
nlckel>nlobiuffi  steels  had  been  advertised,  in  the  foreign  literature  a  few 
years  ago,  and  the  questlcHi  of  hot  cracking  in  welding  of  these  steels  was 

not  raised  until  the  end  of  19^1.  In  August  1953  an  American  journal 

p 

published  a  comprehensive  paper  on  welding  of  austenitic  iS-S-type  steels 
containing  niobium  (AISI-3U7).  The  paper  stated  the  results  of  inquiries,  made 
at  the  23  largest  enterprises  producing  weldments  of  these  steels.  It  turned 
out  that  all  plants  without  exception  encountered  hot  cracking  in  welds  and 
UO^  of  the  plants  encountered  cracking  in  the  vicinity  of  the  weld  in 
18>8  steel  containing  niobium.  The  paper  indicates  that  automatic  flux  welding 
of  this  kind  of  steel  is  practically  not  done,  owing  to  technical  difficulties 
due  to  the  tendency  to  hot  cracking.  Hot  cracking  Is  very  often  observed 
in  argon  are  welding  of  AISI-3l(7  steel  also*  In  this  connection,  It  must  be 
enf>hasiBed  that  flux  welding  of  austenitic  ohrcmdunHnickel-nloblum  steel 


has  been  Introduced  In  the  Induetiy  of  the  USSR* 

Welding  of  Khl8N12>M2T  and  Khl8N12M3T  chroraiuiii-ulckel-molybdenuxa-tltanlum 
steels,  "'hen  welding  Khl8N12M2T  steel,  there  is,  as  a  rule,  no  hot  cradcing 
in  the  weld,  in  spite  of  the  relatively  high  nickel  content.  'Jhis  Is 
explained  by  the  beneficial  effect  of  molybdenum.  There  Is  more  molybdenuia 
in  KhlSN12H3T  steel,  but  hot  cracking  in  welding  occurs  much  more  often, 
since  these  steels  are  usually  produced  with  the  highest  permissible  nickel 
content,  i.  e.,  up  to  11^,  tdiereas  Ihe  nickel  content  in  Khl8N12M2T  steel 


seldom  exceeds  12^. 


It  is  advlssbls  to  inspect  both  types  of  steel  for  hot  cracks  Just  before  it  is 
used  in  production*  If  the  test  is  negative^  the  steel  can  be  sent  for  welding 

by  the  conventional  technological  methods  without  preparation  of  the  edges.  But  if 

s 

it  is  found  during  the  test  that  the  steel  is  likely  to  crack  when  standard  wire  and 

fluxes  are  used,  there  has  to  be  a  con^lex  system  of  welding  with  preparation  of  the 

edges,  preheating,  and  so  on.  According  to  literature  on  the  subject,  the  welding 
•molybdenum 

of  ehromiunHnlckel|^au8tenltlc  steel  requires  preliminary  and  concurrent  heating  up 
to  315®C  /202/. 

Khl8N12M2T  and  lChl8N12M3T  steels  are  best  welded  under  ANF-^  flux.  The  choice 
of  the  electrode  wire  is  determined  by  the  nature  of  the  agressive  medium.  If  the 
medium  is  not  particularly  agressive,  Sv-OKhl8N962  wire  can  be  used.  In  welding 
without  edge  preparation  there  will  not  be  more  than  1.2  to  l.U^  molybdenum  in  the 
weld,  provided  the  steel  contains  a  minimum  of  Z%  of  this  element* 

It  is  thewfore  better,  of  course,  to  use  Sv-Khl8NllM  wire,  but  only  after  a  thorough 
check  for  hot  cracks. 

If  Sv-Khl8NlIIf  welding  wire  is  used,  and  there  is  repeated  action  by  heat,  the 
weld  will  not  be  sufficiently  resistant  to  intercrystallite  corrosion.  Metal  parts 
belonging  to  this  category,  which  operate  in  sulfuric  acid,  should  be  welded  with 
Sv-Kh25N13  or  Khl8imMT  wire.  The  first  of  these  is  manufactured  as  QOST  (National 


Soviet  Standard)  22l^6-^Ui  but  the  wire  can  only  be  used  when  it  contains  not  more 
than  0»06%  carbon  (up  to  0.12^  under  DOST),  not  more  than  I2,$i  nickel  (from  12  to 
lU^  under  GOST),  not  less  than  2$%  chromium  (23*0  to  26,0%  under  OOST)  and  not  less 
than  0,6%  silicon  (0,3  to  0,7%  under  GOST),.  The  second  wire  is  experimental.  In 
composition  it  conresponds  to  the  standard  Sv-Khl0NllM  wire,- differing  only  in  that 
it  contains  titanium  (0,5  to  0,7%),  When  welding  with  Sv-Kh2^N13  wire,  stabilization 
of  the  weld  is  achieved  through  the  increased  chromium  content  (20  to  21^), given  a 
molybdenum  content  of  1.2  to  l,k%.  In  welding  with  KhlSNUMT  wire  the  stabilizing 
elements  are  titanium  and  molybdenum.  Good  results  are  obtained  by  the  use  of  the 
e:gperlmental  eires  made  from  Kh25N12T  and  Kh20N12}13T  steel. 

If  the  steel  is  being  used  in  an  oxidizing  medium,  OKhl8N9FBS  (El6!i9)  wire  must 
be  used. 


In  cases  idiere  the  steel  Is  being  used  as  a  heat-resistant  material,  Sv-Khl8llM 
wire  should  be  used.  If  the  steel  is  operating  as  a  scale-resistant  material,  the 
welding  should  be  carried  out  with  Sv-Khl8N9S2. 

Welds  made  of  Khl8N12M2T  steel  have  a:.^b!xtreme  tendency  toward  knife- line 
corrosion  (Fig.  101  e).  Hence,  in  all  cases  when  possible,  welded  joints  intended  ' 

for  use  in  agressive  media  should  xindergo  stabilizing  annealing. 

r 

When  Khl8N12H2T  and  Khl8N12K3T  steels  are  welded,  under  no  circumstances  should 


welding  wire  made  from  chronlum-nickel-molybdenum-niobium  steel  type  Khl6N12M3B 
(^U03)  be  used  on  account  of  the  danger  of  hot  cracks. 


Welding  of  Kh23Nl6  chrondun-nlckel  gteel  (Fig.  121*).  Great  difficulties  are 


encountered  in  welding  Kh25Nl6  steel  because  welds  must  be  obtained  that  possess 
a  purely  auetenltio  aingle*7haes  struetire.  Standard  Sv«Kh25N20  wire  is  Inadequate 
for  welding  Xh23Ill8  steel.  Satisfactory  results  can  be  obtained  using  ANF-5fluxj 
oomblned  with  the  wires  specified  in  Table.  HI*  eharaoterlstlc  of  which  is  a  low 
silicon  and'.  faighaK  oazfMntoontent  and  nanganese^  substituted  in  part  for  nickel. 

The  wire  dlasieter  Bust  not  exceed  3-2^  an.  VbeiiL^lding:t)d-s  steely  it  ls>  however, 
of  partioular  iag>ortanee  that  the  welding  wire  be  thoroughly  checked  for  hot  cracks 
At  the  present  tiiae,  a  careful  sorting  out  of  austenitic  electrodes  as  to  the 
hot-erack  resistance  of  the  weld  natal  is  the  only  reliable  method  to  obtain 
good*^uality  austenitio-stable  steel  welds*  In  mapy  countries,  welders  have  come 
to  this  conclusion*  There  exsist  a  nunber  of  methods  to  check  austenitic  electrodes 
for  hot  cracks.  The  sla^lest  and  most  effective  one  is  the  welding-on  of  multi¬ 
layer  beads  and  welding  of  T-speoimens.  In  the  manufacture  of  heavy-duty  structures 
it  is  general  practice  to  test  austenltlo  electrodes  on  specimens  di;q;>llcatlng  the 
actual  welded  joint  • 

In  welding  thick  Kh231I18  steel,  preheatij^  to  1^200^  may  prove  to  be  be¬ 
neficial.  In  multi-pass  welding  of  a  thick  metal,  overheating  should  be  avoided. 


to  prevent  hot  ereeke  in  the  violnlty  of  the  weld,  k  peculiar  feetore  of  the  single- 


phase  welding  of  austenite- stable  steels  is  the  danger  of  the  occurrence  of  hot 
cracks  in  craters  and  tack  welds.  25*20  steel  structures#  hence#  should  be  asseabled 
usii«  austenita-ferrlte  electrodes  made#  for  example#  from  ST-Kh25N13  wire.  In  ma¬ 
ny  eases  this  wire  nay  be  used  in  Kh23Kl3  steel  flux  welding. 


Fig.  12J4.  Macrosection  of  6  nn-thiek  Kh23Nl8- 
steel  single  weld. 

Welding  of  chruwilum-nickel-Eiolybdenum-copper  Khg3N23M3D3  steel.  This  steel 

is  used  as  an  acldproof  material  in  aggressive  media  which  may  cause  intergranular 

corrosion.  Welds  of  this  steel  must  possess  a  purely  austenitic  structure.  Out  of 

the  variety  of  the  methods  of  increasing  the  hot-crack  resistance  of  such  welds 

only  the  following  may  be  usedt  1)  reduction  of  silicon  content;  2)  the  use  of 

^  though^ 

oxygenless  fluxes.  Increase  in  carbon  content  in  the  wold^prowd  to  be  quite 


ad0<ta«te  in  welding  scale  and  heaWesistant  steels^  may  not  be  used  in  this  case 


in  view  of  the  danger  of  a  steep  drop  of  the  corrosion  resistance  of  the  weld*  Four¬ 


th#  hal!Btiagrea8gni;8Bd  baoauhekol  its  negatiTS  effect  on  the  hot«oraok  resistance  of 


Loaj^i 


weldsf  sabstitutioaaax^anese  for  nickel  must  be  carried  out  with  great  caution* 


In  welding  Xh23N23M303  (£1^33)  steely  it  is  reooBunended  to  use  a  wire  of  the  follo¬ 
wing  chesiioal  coqpositiont  19  to  0*06(S  rqp  to  0*2^  Si«  vqp  to  IjS  Mn,  22-25^  Cr, 
20-22^  VL,  Mo»  2*5-3«5^  Cu«  no  nore  than  0*02^  S  and  0,03%  P*  ANF.5  flu:ic 

must  be  used*  We  cannot  accept  AN-26  flu3^ recommended  for  use  in  welding  steels 
siailar  to  Kh23I(23K3D3  (EI533)  steel  []j]  •  In  welding  Xh23N23N3D3  steel,  single 
sin^j^ass  butt  welds  should  be  avoided  whose  back-side  bead'islwi^t  than  the 
weld  itself*  Transverse  hot  cracks  on  the  side  of  the  back-head  majr  occur  in  these 
welds*  3-U  an  D-wiret  must  be  used* 

In  copper-backed  welding,  it  is  necessary  that  there  be  a  thin  flux  l^^er 

an^ 

between  the  edges  and  tbs  bacldjog,  to  poreteot  copper  iMdlwgJdihg^to  prevent  the 

•  T 

occurrence  of  copper  in  the  weld  and  the  f  onaatlon  of  hot  cracks*  This  is  revelant 
to  all  austenitlo  steels*  r 

t 

’  6  .  a  •  * 

$»  rm  mDua  in  the  pboduction  of  equifnemt  F9qm 
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Tha  adrantages  of  flux  welding  •  its  highest  productivity,  the  highest  qua¬ 
lity  of  velds,  the  automation  and  semlautoination  replacing  the  hard  manual  labor, 
the  econooy  of~ power  and  veldix^  materials,  eto«,  which  make  it  superior  to  other 
modem  methods  of  are  welding,  are  generally  known*  These  advantages  are  particular¬ 
ly  prominent  in  austenio-eteel  welding* 

Eeonomioally,  the  substitution  of  automatio  and  semiautomatio  flux  welding 
for  austenitlo-steel  manual  welding  is  extremely  effective,  prlmeraly,  due  to  the 
sjayler  and  cheeper  preparation  of  the  objects  for  welding*  It  is  known  that  ne- 
ohanloal  processing  of  au8tenitd.c  steels  is  greatly  inqpeded  by  their  strlkingly 
hi^  viscosity  and  susceptibility  to  hardening*  In  stainle  ss-steel  manual  welding, 
the  preparatory  treatment  6f  idges  is  indispensable,  beginning  with  a  3-5  mm  thick 


metal*  BaMleally,  the  preparation  of  edges  must  necessarily  be  performed  using  me- 
chanLeal  techniques*  This  makes  the  production  of  austenitic-steel  items  much  more 
costly*  In  automatio  flux  welding,  one  may  dispense  with  the  preparation  of  edges 
even  ^n  a  metal  of  praotloally  unlimited  thickness  is  welded  together!  steel. 


to  li0-50  iU  thioksoan  be  welded  with  the  arc  in  lower  position,  and  thicker  me¬ 
tal  UBlx^  blsotro-sXag  w«lding»£lli^  •  Baaio,  most  fMqxiently  met, austenitic  steels, 
for  exas^ple,  ofaroim-niekel^titaniuB  brand,  oan  be  welded  without  a  preparatory 


treatment  of  edges* 


The  e^^erlenee  of  oil  and  chemical  machine-building  plants  which  have  extensively 
Introduced  the  practice  of  submerged-arc  welding  in  the  pi*oduction  of  domestic 
austenitlo-steel  machinery  coming  under  the  State  Mining  Supervisory  Organization 
has  shown  convincingly  that  the  reduction  in  the  machining  of  these  steels,  brought 
about  by  the  switch  to  submerged-arc  welding,  has  resulted  in  tremendous  savings. 

Another  sotirce  of  economy  is  reduction  in  the  consumption  of  costly  austenitic 
welding  wire. 

The  technological  advantages  of  machine-arc  welding  of  austenitic  steels  are 

especially  great.  Besides  the  generally  knovm  advantages  which  have  been  mentioned, 

there  are  other  features  of  this  method  of  welding  vdiich  are  not  of  impoirtance  in 

welding  ordinary  steels.  By  this  is  meant  the  standard  of  the  shaping  of  welds, 

the  state  of  the  surface  and  also  the  state  of  the  surface  of  the  base  metal  near 

the  weld.  Machine-arc  welds,  as  distinct  from  manual-arc  welds,  have  a  smooth, 

finely-flaked  surface  with  gradual  transition  to  the  base  metal.  This  fact  greatly 

improves  the  over-all  chemical  resistance  of  welded  Joints  and  makes  it  easier  to 

remove  the  products  of  corrosion  in  machinery  which  is  in  operation.  The  absence  of 

spatter  on  the  surfsuse  of  the  base  metal  reduces  the  danger  of  centers  of  corrosion 

arising  to  a  minimum.  According  to  data  obtained  by  Yu.  I.  Kazennov,  A.  N.  Krutikov 

Research 

and  others  (see  coll.  No.  20  of  Scientific^ Institute  of  Chemical  Machinery),  and  also 
data  from  N.  M.  Mikltinykh  ,  hot  cracks  are  often  detected  in  the  spatter  when 


t 
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austenitic  electrodes  are  u£<ed  in  welding*  We  are  not  concerned  here  with  such 
well-known  advantages  of  submerged-arc  welding  as  consistency  In  the  quality  of 
the  welds,  the  absence  of  defects  found  specifically  In  manual-arc  welding,  such 
as  non-fusion  in  the  weld  j?oot  and  along  the  edges,  macroinclusiona  of  slag,  and  so  on. 

Of  great  importance  also  id  the  fact  that  in  automatic  and  semiautomatic  welding 
under  flux  a  weld  can  for  practical  purposes  be  made  with  one  unit  from  beginning 
to  end  id:thout  interruption.  In  manual -arc  welding  the  weld  consists  of  separate 
sections,  the  beginning  and  end  of  which  are  often  spoiled  by  defects,  compared  with 

the  central  section.  Each  time  the  manual-arc  welder  changes  an  electrode,  he  subjects 

t 

the  end  of  the  completed  weld  to  th^epeated  action  of  heat;  this  cannot  but  have  an 
adverse  effect  on  the  corrosion  resistance  of  the  weld.  In  suhtnerged-arc  welding  the 
number  of  these  sections  can  be  reduced  to  a  minimum,  and  this  helps  to  increase  the 
over-all  chemical  resistance  of  the  welded  machinery* 

f 

6.  Electro-slag  Welding  of  Austenitic  Steels  /2li8/. 

A  new  method  for  the  single-pass  welding  of  thick  metal  —  electro-slag 
welding  —  is  based  on  use  of  the  heat  generated  by  an  electric  current  as  it  passes 
through  the  slag  idilch  acts  as  a  conductor.  Electro-slag  welding  is  described  in 
detail  in  a  .monograph  published  by  the  Institute  of  Electric  Welding  /llU/. 


VAien  applied  to  austenitic  steels  the  process  has  particularly  clear  advantages, 


such  as  hi^  efficiency,  a  minimal  ‘tendency  on  the  part  of  the  weld  metal  and  the 
region  around  the  weld  to  form  cracks,  the  absence  of  zonal  liquation,  the  possibility 
of  welding  metal  of  practically  unlimited  thickness  without  separating  the  edges, 
only  slight  warping  as  a  result  of  the  symmetrical  distribution  of  heat  with  respect 
to  the  welded  edges,  and  so  on.  At  the  same  time,  electro-slag  welding,  when  applied 
to  austenitic  steel,  has  the  disadvantage  of  causing  appreciable  overheating  of  the 
metal  in  the  z*egion  of  the  weld.  Austenite  steels  are  less  inclined  to  produce  a 
larger  grain  than  conventional  structural  steels.  As  a  result,  however,  of  the  high 
degree  of  overheating  and  delay  in  cooling,  electro-slag  welding  may  produce  a  tenden¬ 
cy  toward  knife-line  corrosion  in  austenitic  steel.  A  definite  method  of  preventing 
this  danger  is  the  heat  treatment  of  welded  parts  immediately  afterwards,  but  this 
is  not  always  possible  in  actual  practice.  Hence  technological  methods  must  be 

sought  in  order  to  prevent  overheating  and  delayed  cooling.  Welders  resort  to  welding 
with  transverse  shifting  of  the  electrode  in  the  gap  between  the  edges  being  welded. 
The  use  of  the  oxygen-free  fluxes  BKF-1  or  ANF-7,  idiich  are  extremely  good  conductors 
in  the  molten  state,  is  very  effective.  On  account  of  this  remarkable  property  of 
flxues  cong>08ed  of  calcltim  and  sodium  fluorides,  a  steady  electro-slag  process  can 
be  maintained  at  a  welding-aro  voltage  of  only  20  to  22  v,  which  is  half  as  much  as 
the  voltage  required  when  welding  with  AN-26  flux.  The  drop  in  the  voltage  results 


In  a  considerable  decrease  In  the  overheating  and,  consequently,  less  danger  of 


knife-line  corrosion  of  the  weld  and  intercrystallite  corrosion  intthe  region. 

In  choosing  electrode  wire  or  sheets  for  electro-slag  welding  of  austenitic 
steels,  one  should  be  guided  by  the  same  considerations  as  in  carbon-arc  welding. 

7.  Certain  Aspects  of  the  Qas-Shlelded  Arc  Welding  of  Austenitic  Steels 

/250,  256/. 

As  is  known,  gas-shielded  arc  welding  in  an  atmosphere  of  argon  and  helium  is 
used  extensively  for  the  production  of  parts  made  from  thin  sheets  of  austenitic  steel, 
and  also  in  welding  butts  with  and  without  bands  in  tubing, •  When  welding  with  a  non- 
consumable  electrode  (tungsten)  it  is  not  possible  to  control  the  composition  of  the 
weld  metal  to  a  great  degree.  If  the  welding  is  done  without  filler  wire,  the  weld 
metal  is  for  practical  purposes  no  different  from  the  metal  being  welded  in  chemical 
composition.  If  the  steel  being  welded  has  a  one-phase  structure  with  a  large  austen¬ 
ite  concentration,  the  formation  of  hot  cracks  is  inevitable  (Fig,  72  a).  The  appear- 

with  Ni 

ance  of  these  cracks  is  greatly  facilitated  by  niobium.  As  a  result,  18-8  steelyjis 
in  suu^  Instances  considered  undesirable,  and  is  replaced  by  steel  containing  titanium. 


This  is  in  fact  what  is  done  in  American  aircraft  production.  In  argon-arc  welding 

with  a  consumable  eledtrode  it  is  possible  to  regulate  the  composition  of  the  weld 

metal  to  a  gr«at  extent.  All  the  laws  of  behavior  described  in  this  book  with  regard 

to  the  positive  rdle  of  the  second  phase  in  the  case  of  two-phase  welds,  and  of  oxygen 

in  the  case  of  one-phase  welds,  apply  fully  to  gas-shielded  arc  welding  as  well. 

In  view  of  the  high  price  of  argon  and  helium,  welding  in  an  atmosphere  of 

carbon  dioxide  is  being  developed  at  a  fast  rate.  According  to  literature  on  the 

subject,  this  type  of  welding  has  been  successfully  applied  in  the  production  of 

machine  parts  from  heat-resistant  nickel-base  alloys,  which  are  known  as  Nimonlc  and 

Inconel,  ^ 

As  shown  by  the  experiments  of  Rothschild  in  the  USA  and  our  owr.i  experiments, 

carried  out  in  collaboration  with  I.  N,  Rublevskly,  carbonizing  of  the  welds  is 

obaezved  during  the  welding  of  austenitic  steels,  Rothschild  has  drawn  the  conclusion 

on  the  strength  of  this  that  carbon  dioxide  is  unsuitable  for  use  in  welding  austenitic 

exceed 

acid-resistant  steels.  Since  the  transition  of  the  carbon  dioxide  does..  not;|0.03 
to  0,0{t^  6,  it  may  be  considered  that  this  conclusion  is  sometdiat  hasty.  If  it  is 
possible  to  make  an  automatic  weld  containing  0,10  to  0,12^  in  18-8  steel  by  the 
submerged-arc  process,  and  that  weld  is  fairly  corrosion-resistant,  there  is  no  reason 
to  believe  that  the  sane  thing  cannot  be  done  in  gas-shielded  arc  welding  as  well, 

t 

i< 


One  has  only  to  make  electrode  wir-^  of  the  requisite  composition.  As  regards  stable 


austenitic  heat-resistant  and  scale-resistant  steels,  welding  in  carbon  dioxide  may 

seem  more  hopeful  since  a  certain  carbonizing  and  oxidation  of  the  hydrogen  and  silicon 

help  to  prevent  hot  cracks.  Our  ejqjeriments  have  shown,  for  example,  that  it  is  easy 
pure  austenitic  welds  Lin 

to  weld/^such  one-phase  steels  as  Kh23Nl8,  EI^33  etc.  in  CO2  without  hot  cracks.  On 
account  of  the  carbonizing  a  high  degree  of  heat -resistance  is  achieved  during  the 
welding  of  steel  in  CO^  (see  p.  288). 

It  may  be  considered  that  in  the  manufacture  of  parts  from  thin  sheets  of 
austenitic  steels,  and  also  in  assembly  welding  when  the  part  can  be  approached  from 
different  directions,  gas-shielded  arc  welding,  including  carbon  dioxide  welding, 

will  be  further  developed  and  will  replace  manual  bare-arc  welding.  In  the  production 

/ 

of  thick  austenitic  steel  parts  it  is  better  to  use  submerged-arc  welding.  At  the 
present  time,  in  view  of  the  production  of  oxygen-free  fluxes,  automatic  shielded-arc 
welding  can  ejisily  compete  with  gas-shielded  arc  welding  in  the  inert  gases  argon 
and  helium. 

It  should  be  stressed  that  when  applied  to  acid-proof  steels,  CO2  welding  has  the 
following  disadvantages:  spattering  (up  to  between  10  and  12^)  leading  to  the  appear¬ 
ance  of  potential  centers  of  corrosion,  and  the  formation  of  an  oxide  film  on  the  weld 
surface  difficult  to  remove.  In  combined  slag-gas  shielded  welding  the  oxide  film.’is 
not  formed.  For  this^  30  to  liO  g  of  fluoride  flux  ANF-5  per  1  lin.  meter  of  the  weld 


have  to  be  added  to  the  arc  zone  during  welding  in  carbon  dioxide. 


CONCLCSIONS 


1«  Chromi^^ckel  austenltlo  steels  (acid-,  scale-  and  heat-rosistant)  are 
en^loyed  under  varied  tenperature  candltlons,  ranging  fTora  very  low  tenqseratures 
up  to  1,100®  and  over,  and  are  subject  to  the  action  of  diverse  aggressive  me¬ 
dia,  Blending  on  the  con?)osition  and  properties  of  the  steel  and  on  the  specific 
operating  conditions  of  the  constructions  concerned,  w&Lded  seams  of  austenitic  - 
steels  must  satisfy  certain  requirements  beyond  the -customary  dejnands  of  strength, 
plasticity,  and  absence  of  cracks  and  porosity.  In  consequence,  there  is  and. 
cad  be. no Lon^echnology  common  for  all  austenitic  steels.  Moreover,  even  in  con¬ 
structions  from  austenitic  steel  of  -Uie  same  brand  welding  technology  must  take 


into  account  their  purpose  and  conditions  of  exploitation. 


2 ,  Iheorization  of  experimental  data  has  proved  that  there  is  a  direct  dependen¬ 
ce  between  the  nature  of  the  primary  crystallization  of  the  weld:pool  the  prima¬ 
ry  micros tructure  of  the  weld  meteil  on  an  austenitic  steel  and  itse^ehtial  pro¬ 


perties,  viz,,  stability  against  crack  fomatiOT  and  resistance  to  structural 
(intergranular)  and  fOBMi  corrosion. 


3,  It  is  shown  that  the  wbi  metal  on  austenitic  steel  differs  distinctly  by 
its  properties  and  the  nature  of  its  microstructure  not  only  from  rolled  steel. 


but  also  fl‘om  ingots  of  Identical  oorpositlon,  !Iherefore,  tiie  opinion  widely  held 


in  the  literature  that  in  voiding  austenitic  steels  one  must  aim  at  obtaining 


a  veld  metal  possessing  the  6arrie  checdeal  composition  and  structure  as  the  wel¬ 


ded  steel  Is  erroneous. 


It  was  found  that,  in  many  cases,  in  order  to  obtain  welded  seams  satisfyin^et 
requirements  they  have  to  be  conplexly  alloyed  with  elements  that  are  not  present 
in  the  base  metal,  preventing  at  the  same  time  enrichment  of  the  seam  with  admix¬ 


tures  contained  in  the  welded  steef, 

I;,  Stress  is  laid  in  the  metallurgical  literature  on  the  necessity 

%f  - 

a  two-phase  structure  in  austenitic  steels^  it  is  held  that  the  ^(ip) -phase  (ferri^ay 
definitely  impairs  the  fitness  of  austenitic  sted.3  for  engineering  purposes, 
impeding  its  mechanical  heat^toeatment,  such  as  forging,  rolling  and  piercing, 
and  lowers  their  mechanical  properties  at  both  low  and  high  temperatures j  ferrites, 
it  is  believed,  cause  a  flow-line  structire  in  rolled  steel  and  lead  to  anisotropy, 
recently,  the  above-cited  views  about  an  alleged  harmful  effect  of  the 


(i  ^ -phase  were  also  supported  in  the  literature  on  welding. 


ihe  present  work  proves  the 


to  the 


domain  of  welding  technlqug^^he  laira  that  pertdin  to  metalluroj^  It  is  shoTO  that 
welded  seams  with  a  two-pha»o-’atructure  are  decidedly  superior  to  single-phase 

austenitic  seams  in  i*espect  to  several  essential  characteristics  (such  as  sta- 

-» . 

bility  against  cracks  and 'corrosion)  and  that  in  the  overwhelming  majority  of 
cases  the  primary  ferrite  S' -phase)  is  a  most  desirable  structural  component 


of  the  weld  metal  on  austenjtic  steel. 


5,  It  was  established  that  the  influence  of  v/eldinc  conditions  and  of  the 
system  of  alloying  wpm  the  properties  of  the  weld  metal  (mechanical  proper¬ 
ties  and  resistance  to  cracks  and  corrosion)  must  be  viewed  from  the  standpoint 
of  their  action  on  the  nature  of  the  primary  microstructvire  of  the  welded  seam. 
All  alloying  admixtures  can  be  divided,  according  to  their  influence  on  the 
prlmaiy  atruoture  of  the  aeam,  into  two  groups,  vlz.i  austenitizers  and  ferri- 
tizers, 

6,  Experiments  conducted  cn  the  basis  of  A,A,  Bochvar‘s  theory  of  the  hot 


brittleness  of  cast  metal  made  it  possible  to  establish  a  direct  interdepen- 


dence  between  the  type  of  phaseJ^. .  diagram,  according  to  which  crystallization 


of  the  weld,  pool 


.^^^^^^oceeds , 


and  the  stability  of  the  weld  metal  against  hot 


crack  formation.  Certain  general  laws  were  formulated,  which  enable  us  to  eva¬ 


luate  the  effect  of  any  element  whatsoever  on  the  formation  of  hot  cracks  in 


austenitic  steel  welding. 

7,  It  is  known  that  in  the  practice  of  austenitic  steel  welding  use  is  made 
of  electrode  coatings  and  fluxes  -idiich  produce  slags  of  a  more  or  less  \miform 
type,  A  study  of  the  effect  of  certain  gases  (hydrogen,  oxygen  and  nitrogen) 
on  the  primary  crystallization  of  austenitic  steels  helped  to  clarify  to  a 


considerable  extent  tho  mechanism  of  the  positive  action  of  the  basic  slags  on 


the  properties  of  the  seams,  Tt  was  demonstrated  that  the  modiiying  effect  of 

^tt^e  amounts  of^ 

the  basic  slags  is  linked  with  the  ratio  ^^oxygen  and  ^trogen  introduced  into 


the  weld'pool; 


au- 


An  essentially  new  system  of  oxygen^ee  fluxes  has  been  developed  for  the 
toraatlc  welding  of  austenitic  steels.  These  fluxes,  tdiich  are  based  on  fluorides 
of  alkali-  and  alkali-earth  metals,  form  virtually  neutral  slags  after  melting, 

Oxygerifree  fluxes,  it  was  found,  do  not  enter  into  metallurgical  interaction 

A 

with  liquid  metal,  do  not  oxidize  the  weld  pool ,  .  and  do  not  prevent  the  latter 


from  assimilating. mile the  alloying  elements.  Including  also  those  having  a 
affinity  oxygen,  which  are  contained  in  the  base  metal  and  in  the  welding  rod. 
The  enqjloyment  of  fluoride  fluxes  introduces  fundamental  changes  into  the  rae- 
tallxirgy  of  welding  high-alloy  steels,  making  it  possible  with  the  aid  of  the 
electrode  metal  to  alloy  the  seam  with  titanim,  aluminum,  zirconium,  boron,etc. 


7^9 


9,  droct  experiraonts  brou^t  out  the  fact  that  hydrogen  Is  capable  of 


4ffig:hot  cracks  in  purely  axistenitic  welded  seams;  oxygen,  by  contrast,  can  pre¬ 
vent  the  formation  of  these  cracks  by  its  ability  to  oxidize  hydrogen,  silicon 

f 

and  sulfur. 

It  was  established  that  in  oixler  to  enhance  the  stability  of  purely  austeni¬ 
tic  seams  against  hot  cracks  it  is  mandatory  to  reduce  the  silicon  content,  in¬ 
crease  the  carbon  concentration,  replace  pazt^  of  the  nickel  by  manganese  and  en¬ 
deavor  to  achieve  a  finer  primary  structure  of  the  seam,  unless  this  should 
lead  to  increased  sigma-phase  formation  in  it. 

10,  Experimental  studies  disclosed  the  effect  of  the  specific  struct^e  of  a 
welded  seam  (microscopic  liquation,  finely  dispersed  disorientatedcf -phase  dis¬ 
tribution)  and  of  the  complex  stressed  state  upon  the  rate  and  nature  of  develop¬ 
ment  of  diffusion  processes  in  the  «eldi  metal,  F6rcthe:f’irst''time,  it'wasiprdved  that, 
owing  to  the  above-4nentioned  characteristics  of  the  veldi  metal  on  austenitic 
steel,  the  diffusion  proceeds  tens  of  times  faster  than  in  rolled  steel,  Ihis 
enabled  us  to  recommend  and  make  practical  use  of  an  immunizing  heat-treatment 
(stabilizing  tempering)  of  welded  constructions  as  a  reliable  means  for  improving 
the  quality  and  prolonging  the  life  of  such  constructions.  On  the  basis  of  experi¬ 
mental  and  theoretical  data,  we  recommend  a  new  means  of  warranting  the  stabili¬ 
ty  of  welded  seams  against  intergranular  corrosion  by  creating  a  complex  alloyed 


ferrite  in  the  seen,  £t  is  shown  that  in  the  presence  of  separated  regions  of 
c<»5)lexly  alloyed  chromium-rich  ferrite  in  the  austenitic  base  of  the  seam  me¬ 
tal  this  stability  is  attained  even  if  carbide-forming  elements  (titanium  and 

niobiim)  are  completely  absent,  ihe  theory  is  advanced  that  the  positive  role 
n  the 

of  theo' -phase  is  linked  to  localization  of  chromium  in?)overishment  in  the  au- 

A 

stenite  due  to  the  exposing  diffusion  processes  developing  in  carbon  (from  the 
austenite  Into  the  ferrite  regions)  and  chromium  (from  within  to  the  periphery 
of  these  regions). 

12,  We  investigated  the  conditions  of  origination  and  development  of  corrosion 

occurilng  along  the  line  of  fusion  (so-called  knife-line  corrosion)  in  welded 

Joints  of  acid-resistant  steels  of  the  18-8  brand,  containing  titanium  and  nio- 

in 

biiun,  jiii^bo^ oxidizing  and,^onoxidizing  media.  It  was  found  that  stable  austeni¬ 
tic  steels  of  the  Kh23N23l’DD3  brand  are  subject  to  transcrystallite  corrosion 
in  siiLfuric  acid  due  to  con^jression  deformation  provoking  tensile  stresses  near 
the  surface  of  the  steel  or  weld, 

13,  It  is  shown,  for  the  first  time,  that  niobium  provokes  hot  cracks  during 
flux  welding  of  austenitic  steels  of  the  18-8  brand.  It  was  established  that  the 
adverse  effect  of  niobium  can  be  fv^y  neutralized  by  appropriate  additional  al¬ 
loying  of  the  weld  metal  with  ferrite-forming  elements  ~in  the  first  place  silicon 
and  vanadium  —  as  well  as  by  limiting  the  concentrations  of  nickel,  carban,(^5ngen  ^ 

TcT/ 


nitrogen  and  sulfur 


III,  !Iheorlzation  of  industrial  experience  and  experimental  work  enabled  us  to 
devise,  and  recoriaend  for  manufacture  a  new  type  of  welding  rod  with  a  higher 
content  of  ferrite-forming  admixtures,  to  be  used  for  constructions  from  steel 
of  the  18<^  brand. 

.  . ,  These  rods,  in  combination  with  the  basic  slags  (flvixes  and  electrode  co¬ 
verings}  permit  of  solving  the  problem  of  aro«eralding  of  the  prevalent  16-8 
brand  austenitic  steels. 

15.  There  were  developed  low-silicon  austenitic  electrode  rods  which,  in  com¬ 
bination  with  oxygenfree  fluoride  fluxes,  ensure  adequate  stability  of  single- 
-phase  atustenitic  welds  againdt  the  fonnaticn  of  crystallization  cracks  in  the 
welding  of  steels  of  medium  thickness. 

16.  It  was  established  that  the  slight  carbonization  of  the  weld  metal(by 
0.02  to  O.Ol;  %)  occurring  during  austenitic  steel  welding  in  CO2  subatantlaUy 
increases  its  heat-resistance  in  the  presence  of  Tl,  Nb,  W,  and  >1^  in  the  weld. 

«  «  * 


In  the  present  book,  ye  Jiave  dealt  in  a  general  way  with  the  metallurgical 

r 

and  technological  problcyiis  of  welding  austenitic  steels  of  the  basic  types  and 
the  problems  pertaining  to  the  stability  of  welded  joints  of  these  steels 
against  coirrosion*  Ways  and  means  have  been  Indicated  which  make  it  possible 

'V- 

to  exeirt  an  effective  influence  on  the  structure  and  properties  of  welds  of 
austenitic  steels,  Ihe  experimental  and  theoretical  facts  elicited  demonstrate 
the  con^}lexity  of  the  problem  of  welding  austenitic  steels.  Taking  these  data 
as  a  basis,  it  becomes  possible  to  visualize  the  following  among  other  tasks 
toward  the  solution  of  this  problemi 

(1)  Seeking  new  means,  sufficiently  reliable  from  a  production  point  of  view, 
for  obtaining  prxrely  austenitic  single-phase  welds  with  a  high  stability  against 
hot  cracks  in  welding  rigid  constructions  from  rolled,  forged  and  cast  austeni¬ 
tic  steels  of  great  thickness; 

(2)  Developing  the  technology  of  automatic  flux  welding  and  Inert-gas  arc 
welding  of  new  brands  of  steel  produced  in  connection  with  the  growth  of 
gas-tuz^ine  construction,  jet  engineering,  rocketry  and  modem  power  installa¬ 
tions; 

(3)  Creation  of  precision  welding  rods  and  dectrodes  for  welding  heat-resist¬ 
ant  and  other  stable  austenitic  steels; 


(li)  Develpping  the  technology  of  submerged  or  inert-gas  arc  welding  of  modem 


umltlconponent  heat-resistant  alloys  based  on  nickd  and  other  elemsntsj 

(5)  Developing  the  technology  and  techniques  of  the  arc-welding  of  new  chronie- 
-manganes e-nickel  austenitic  steels. 
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